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October 1993 
Order Number: 297389-001 


INTEL’S APPLICATION BULLETIN 
BOARD SYSTEM 
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Board System and pull up all the latest information in 
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documentation 
new products 
tools information 
firmware upgrades 


presentations 
® revised sofrware 


Intel’s Application Bulletin Board System enables file 
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Just dial 916-356-3600 on your modem, and the user- 
friendly system will prompt you along. 
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For immediate file access, call 1-800-628-8686 or 916- 
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DATA SHEET DESIGNATIONS 


Intel uses various data sheet markings to designate each phase of the document as it 
relates to the product. The marking appears in the upper, right-hand corner of the data 
sheet. The following is the definition of these markings: 


Data Sheet Marking Description 


Product Preview Contains information on products in the design phase of 
development. Do not finalize a design with this 
information. Revised information will be published when 
the product becomes available. 


Advanced Information Contains information on products being sampled or in 
the initial production phase of development.* 


Preliminary Contains preliminary information on new products in 
production.* 


No Marking Contains information on products in full production.* 


*Specifications within these data sheets are subject to change without notice. Verify with your local Intel sales 
office that you have the latest data sheet before finalizing a design. 
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| 82430 PCiset 
FOR THE Pentium™ PROCESSOR 


_ Supports the Pentium™ Processor at 
60 MHz or 66 MHz 


mg Interfaces the Host and Standard 
Buses to the Peripheral Component 
interconnect (PCI) Local Bus Operating 
at 30 MHz or 33 MHz 
— Up to 132 Mbytes/sec Transfer Rate 
— Full Concurrency between CPU Host 
Bus and PCI Bus Transactions 


m Integrated Cache Controller Provided 
for Optional Second Level Cache 
— 256 Kbyte or 512 Kbyte Cache 
— Write-Back or Write-Through Policy 
— Standard or Burst SRAM 


= Integrated Tag RAM for Cost Savings 
on Second Level Cache 


m@ Provides a 64-Bit Interface to DRAM 
Memory 
— From 2 Mbytes to 192 Mbytes of 
Main Memory 
— 70 ns and 60 ns DRAMs Supported 


m= Supports the Pipelined Address Mode 
of the Pentium Processor for Higher 
Performance 


g Optional ISA or EISA Standard Bus 


interface 
— Single Component ISA Controller 
— Two Component EISA Bus Interface 


_— Minimal External Logic Required 


Supports Burst Read and Writes of 
Memory from the Host and PCI Buses 


Five Integrated Write Posting and Read 
Prefetch Buffers Increase CPU and PCI 
Master Performance 


Host CPU Writes to PCI in Zero Wait 
State PC! Bursts with Optional TRDY # 
Connection 


Integrated Low Skew Host Bus Clock 
Driver for Cost and Board Space 
Savings 


PCliset Operates Synchronous to the 
66 MHz CPU and 33 MHz PCI Clocks 


Byte Parity Support for the Host/PClI 

and Main Memory Buses 

— Optional Parity on the Second Level 
Cache 


The 82430 PCiset provides the Host/PCI bridge, cache/main memory controller, and an |/O subsystem core 
(either PCI/EISA or PCI/ISA bridge) for the next generation of high-performance personal computers based 
on the Pentium Processor. System designers can take advantage of the power of the PC! (Peripheral Compo- 
nent Interconnect) bus for the local |/O while maintaining access to the large base of EISA and ISA expansion 
cards, and corresponding software applications. Extensive buffering and buffer management within the bridg- 
es ensures maximum efficiency in all three bus environments (Host CPU, PCI, and EISA/ISA Buses). 


The 82430 PClset consists of the 82434LX PCI/Cache/Memory Controller (PCMC) and the 82433LX Local 
Bus Accelerator (LBX) components, plus, either a PCI/ISA bridge or a PCI/EISA bridge. The PCMC and LBX 
provide the core cache and main memory architecture and serve as the Host/PCl bridge. For an ISA-based 
system, the 82430 PCliset includes the 82378 System I/O (SIO) component as the PCI/ISA bridge. For an 
EISA-based system, the 82430 PCiset includes the 82375EB PCI/EISA Bridge (PCEB) and the 82374EB EISA 
System Component (ESC). The PCEB and ESC work in tandem to form the complete PCI/EISA bridge. Both 
the ISA and EISA-based systems are shown on the following pages. 


For complete data sheets on all these devices, refer to Order Number 290482 and 290483. 


Pentium is a trademark of Intel Corporation. 


October 1993 
Order Number: 29048 1-002 
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82434LX 


PCI/CACHE/MEMORY CONTROLLER (PCMC) 


@ Supports the 64-Bit Pentium™ gw Integrated DRAM Controller 
Processor at 60 MHz and 66 MHz — Supports 2 MBytes to 192 MBytes of 


nali Cacheable Main Memory 
= Supports Pipelined Addressing 
Capability of the Pentium — Supports DRAM Access Times of 


70 ns and 60 ns 
Microprocessor — CPU Writes Posted to DRAM at 


m@ High Performance CPU/PCI/Memory 4-1-1-1 
Interfaces via Posted-Write/Read- — Refresh Cycles Decoupled from ISA 
Prefetch Buffers Refresh to Reduce the DRAM 
m Fully Synchronous 33 MHz PCI Bus Access Latency 
Interface with Full Bus Master — Refresh by RAS#-Only, or CAS#- 
Capability Soils gl in Single or Burst of 
our 


m Supports the Pentium Processor ) 
Primary Cache in either Write-Through m Host/PCI Bridge 


or Write-Back Mode Baroy CPU Cycles into PCI Bus 
: cles 
= Programmable Attribute Map of DOS er Back-to-Back Sequential 
and BIOS Regions for System CPU Memory Writes into PCI Burst 
Flexibility Cycles 
m@ Integrated Low Skew Clock Driver for — Burst Mode Writes to PCi in Zero PCI 
Distributing 66 MHz Clock Wait States (i.e., Data Transfer Every 
9 c ies aint Pee E eves Cpene E puicwuaces between CPU-to- 
ontroller 
— Integrated Cache Tag RAM oso aieitan and PCI-to-PCI 
— Write-Through and Write-Back Cache Sd t labariaae eer 
Modes im ee 
— Direct-Mapped Organization Piste puis vgs and PCi-to-Main 
— Supports Standard and Burst SRAMs ar cabs a Lehn a saab 
— 256 KByte and 512 KByte Sizes i se: oe Pe sens bl caged ce 
— Cache Hit Cycle of 3-1-1-1 on Reads Sydtaiia Oe eee eran 
and Writes Using Burst SRAMs 
— Cache Hit veleat 3-2-2-2 on Reads — Cache Snoop Filter Ensures Data 
Consistency for PCl-to-Main Memory 


and 4-2-2-2 on Writes Using + 
Standard SRAMs ransactions | 
m@ PCMC (208-Pin QFP Package) Uses 5V 


CMOS Technology 


The 82434LX PCI, Cache, Memory Controller (PCMC) integrates the cache and main memory DRAM control 
functions and provides the bus control for transfers between the CPU, cache, main memory, and the Peripher- 
al Component Interconnect (PCI) Local Bus. The cache controller supports both write-through and write-back 
cache policies and cache sizes of 256 KBytes and 512 KBytes. The cache memory can be implemented with 
either standard or burst SRAMs. The PCMC cache controller integrates a high-performance Tag RAM to 
reduce system cost. Up to twelve single-sided SIMMs or six double-sided SIMMs provide a maximum of 192 
MBytes of main memory. The PCMC is intended to be used with the 82433LX Local Bus Accelerator (LBX). 
The LBX provides the Host-to-PCl address path and data paths between the CPU/cache, main memory, and 
PCl. The LBX also contains posted write buffers and read-prefetch buffers. Together, these two components 
provide a full function data path to main memory and form a PCI bridge to the CPU/Cache and DRAM 
subsystem. 


1-4 


tel. 


A[31:3] 
BE[7:0]# 
ADS# 
D/C# 
M/lO# 
W/R# 
BRDY# 
PEN# 
PCHK# 
EADS# 
HITM# 


BOFF# 
AHOLD 


NA# - 


KEN# 
INV 
CACHE# 
HLOCK# 
SMIACT# 


CADV[1:0]# 
CALE 
COE[1:0]# 


CWE[7:0]# - 


CADS[1:0]# 
CAAI[6:3] 
CAB[6:3] 


WE# 
RAS[5:0]# 
CAS[7:0]# 

MA[10:0] 


PCMC Block Diagram 

wie 

eee 

a 

ae 

care 

eed 

PCI 

ae interface ais 

+ Host ee 

Interface eae 

"Bet nae 

Gal = 

wel + 

eed 

oo vail 

hes 

bad 

Reset < 

eset [| 

= and es eS 

[—]| Cache CGR eT | 

ioe interface ith 

et: aa 

ee es 

—} pram — 
a Interface 

wars Lex |__| 

Interface es 

ae, 

bes 


82430 PCiset 


C/BE[3:0]# 


_ FRAME# 


TRDY# 
IRDY# 
STOP# 
PLOCK# 
MEMCS# 
DEVSEL# 
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PERR# 
SERR# 
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INIT 
HCLKOSC 
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HCLK[A:F] 
PCLKIN 
PCLKOUT 
PCIRST# 
TESTEN 
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MIG[2:0] 
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82433LX 
LOCAL BUS ACCELERATOR (LBX) 


Supports the Full 64-Bit Pentium™ 
Processor Data Bus at 66 MHz 


Provides a 64-Bit Interface to DRAM 
and a 32-Bit Interface to PCI 


Five Integrated Write Posting and Read 

Prefetch Buffers Increase CPU and PCI 

Master Performance 

— CPU-to-Memory Posted Write Buffer 
4 Qwords Deep 

— PClI-to-Memory Posted Write Buffer 
Two Buffers, 4 Dwords Each 

— PCi-to-Memory Read Prefetch Buffer 
4 Qwords Deep 

— CPU-to-PCl Posted Write Buffer 
4 Dwords Deep 

— CPU-to-PCl Read Prefetch Buffer 
4 Dwords Deep 


Host-to-Memory and Host-to-PCI Write 
Posting Buffers Accelerate Write 
Performance 


Dual-Port Architecture Allows 


Concurrent Operations on the Host and 


PCi Buses 


Operates Synchronous to the 66 MHz 
CPU and 33 MHz PCI Clocks 


Supports Burst Read and Writes of 
Memory from the Host and PCi Buses 


Sequential CPU Writes to PCI 
Converted to Zero Wait State PCI 
Bursts with Optional TRDY # 
Connection 


Byte Parity Support for the Host and 

Memory Buses 

— Optional Parity Generation for Host 
to Memory Transfers 

— Optional Parity Checking for the 
Secondary Cache Residing on the 
Host Data Bus 

— Parity Checking for Host and PCI 
Memory Reads 

— Parity Generation for PCI to Memory 
Writes 


m 160-Pin QFP Package 
m 5V CMOS Technology 


Two 82433LX Local Bus Accelerator (LBX) components provide a 64-bit data path between the Host CPU/ 
cache and main memory, a 32-bit data path between the Host CPU bus and the PCI Local Bus, and a 32-bit 
data path between the PCI local bus and main memory. The dual-port architecture allows concurrent opera- 
tions on the Host and PCI Buses. The LBXs incorporate three write posting buffers and two read prefetch 
buffers to increase Pentium processor and PCl Master performance. The LBX supports byte parity for the Host 
and main memory buses. The LBX is intended to be used with the 82434LX PCl/Cache/Memory Controller 
(PCMC). During bus operations between the Host, main memory, and PCI, the PCMC commands the LBXs to 
perform functions such as latching address and data, merging data, and enabling output buffers. Together, 
these three components form a “Host Bridge” which provides a full function dual-port data path interface, 
linking the Host CPU and PCI bus to main memory. 
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82375EB 
PCI/EISA BRIDGE (PCEB) 


Provides the Bridge between the PCI @ 32-Bit Data Paths 
Bus and EISA Bus m Integrated EISA Data Swap Buffers 
100% PCI and EISA Compatible teati 
—PCI and EISA Master/Slave Interface" Araitration for Fe” Devices 
— Directly Drives 10 PCI Loads and 8 rik | 
EISA Slots — Fixed, Rotating, or a Combination of 
— Supports PCI at 25 MHz to 33.33 MHz phe 
@ PCI and EISA Address Decoding and 
Data Buffers Improve Performance Mapping 
— Four 32-Bit PCI-to-EISA Posted Write es Positive Decode of Main Memory 
Buffers # 
— Four 16-Byte EISA-to-PCI Read/Write __ Four programmable PCl Memory 
— Soegt ks Prefetch =pece meaere 
— EISA-to-PCI and PCI-to-EISA Write ee cect ees 
Posting : 
Data Buffer Management Ensures Data ” ee ve 
Coherency ts 
— Flush Posted Write Buffers imi 
— Flush or invalidate Line Buffers — Access Attributes for 15 Memory 
— Instruct All PCi Devices to Flush Segments in First 1 MByte of Main 
Buffers Pointing to PCi Bus before Memory | 
Granting EISA Access to PCI — Programmable Main Memory Hole 
Burst Transfers on both the PCI and a Integrated 16-Bit BIOS Timer 
EISA Buses 
m@ 208-Pin QFP Package 
m@ 5V CMOS Technology 


The 82375EB PCI-EISA Bridge (PCEB) provides the master/slave functions on both the Peripheral Compo- 
nent Interconnect (PCI) Local Bus and the EISA Bus. Functioning as a bridge between the PCI and EISA 
buses, the PCEB provides the address and data paths, bus controls, and bus protocol translation for PCl-to- 
EISA and EISA-to-PCl transfers. Extensive data buffering in both directions increases system performance by 
maximizing PCl and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB’s buffer 
management mechanism ensures data coherency. The PCEB integrates central bus control functions includ- 
ing a programmable bus arbiter for the PCI Bus and EISA data swap logic for the EISA Bus. Integrated system 
functions include PCI parity generation, system error reporting, and programmable PCI and EISA memory and 
|/O address space mapping and decoding. The PCEB also contains a BIOS Timer that can be used to 
implement timing loops. The PCEB is intended to be used with the EISA System Component (ESC) to provide 
an EISA I/O subsystem interface. 


PCICLK 
PCIRST# 
AD[31:0] 

C/BE[3:0}# 
FRAME# 
TRDY# 
IRDY# 
STOP# 
PLOCK# 
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PERR# 


MEMCS# 
PIODEC# 
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CPUGNT# 
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GNT1#/RESUME# 
REQO#/PCEBGNT# 
GNT0#/PCEBREQ# 
REQ(3:2]}# 
GNT[3:2]# 


MEMREG# 
FLSHREQ# 
MEMACK# 


TEST# 
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BCLK 
START# 
CMD# 
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W/R# 
EXRDY 
EX32# 
EX16# 
MSBURST# 
SLBURST# 
LOCK# 
BE[3:0]# 
LA[23:2] 
LA[31:24] 
REFRESH# 
SD[31:0] 


EISAHOLD 
EISAHOLDA 
PEREQ#/INTA# 
NMFLUSH# 
SDCPYENO1# 
SDCPYENO2# 
SDCPYENO3# 
SDCPYEN13# 
SDCPYUP 
SDOE[2:0]# 
SDLE[3:0]# 
INTCHIPO 


lO16# 
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82374EB 
EISA SYSTEM CONTROLLER (ESC) 


Integrates EISA Compatible Bus 
Controller 


— Translates Cycles between EISA and | 


ISA Bus 

— Supports EISA Burst and Standard 
Cycles 

— Supports ISA No Wait State Cycles 

— Supports Byte Assembly/ 
Disassembly for 8-Bit, 16-Bit and 
32-Bit Transfers 

— Supports Bus Frequency up to 
8.33 MHz 


Supports Eight EISA Slots 

— Directly Drives Address, Data and 
Control Signals for Eight Slots 

— Decodes Address for Eight Slot 
Specific AENs 


Provides Enhanced DMA Controller 

— Provides Scatter-Gather Function 

— Supports Type A, Type B, Type C 
(Burst), and Compatible DMA 
Transfers 

— Provides Seven Independently 
Programmable Channels 

— Integrates Two 82C37A Compatible 
DMA Controllers 


Provides High Performance Arbitration 

— Supports Eight EISA Masters and 
PCEB 

— Supports ISA Masters, DMA 
Channels, and Refresh 

— Provides Programmable Arbitration 
Scheme for Fixed, Rotating, or 
Combination Priority 


m@ Integrates Support Logic for X-Bus 


Peripherals and More 

— Generates Chip Selects/Encoded 
Chip Selects for Floppy and 
Keyboard Controller, IDE, 
Paraliel/Serial Ports, and General 
Purpose Peripherals 

— Provides Interface for Real Time 
Clock 

— Generates Control Signals for X-Bus 
Data Transceiver 

— Integrates Port 92, Mouse Interrupt, 
and Coprocessor Error Reporting 


integrates the Functionality of Two 

82C59 Interrupt Controllers and Two 

82C54 Timers 

— Provides 14 Programmable Channels 
for Edge or Level Interrupts 

.— Provides 4 PCI Interrupts Routable 
to Any of 11 Interrupt Channels 

— Supports Timer Function for Refresh 
Request, System Timer, Speaker 
Tone, Fail Safe Timer, and Periodic © 
CPU Speed Control 


Generates Non-Maskable Interrupts 
(NMI) 

— PCI System Errors 

— PCI Parity Errors 

— EISA Bus Parity Errors 

— Fail Safe Timer 

— Bus Timeout 

— Via Software Control 


Provides BIOS Interface 

— Supports 512 KBytes of Flash or 
EPROM BIOS on the X-Bus 

— Allows BIOS on PCI 

— Supports Integrated VGA BIOS 


m@ 208-Pin QFP Package 
m 5V CMOS Technology 


The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC, 
with the PCEB, provides all the functions to implement an EISA to PCI bridge and EISA I/O subsystem. The 
ESC integrates the common I/O functions found in today’s EISA based PC systems. The ESC incorporates the 
logic for an EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller 
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun- 
ters, and non-maskable interrupt (NMI) control logic. The ESC also integrates support logic to decode periph- | 
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two 
Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 
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ESC Block Diagram 


PCICLK 
PERR# PCI 
SERR# 

RESET# 


— BCLKOUT 
Bus BCLK 
Interface LA[31:27]#/CPG[4:0] 
LA[26:24]# 
LA[23:2] 
EISAHOLD BE[3:0]# 
EISAHLDA M/IO# 
PEREQ#/INTA# EISA W/R# 
NMFLUSH# Bus EX32# 
ESC/ Interface . EX16# 
SDCPYEN[13,3:1]# PCEB START# 
SDCPYUP Interface CMD# 
SDOE[2:0]# EXRDY 
SDLE[3:0]# SLBURST# 
MSBURST# 
INTCHIPO MASTER16# 


SPKR <— SD[7:0] 
SLOWH# <— Timers 
—? BALE 


SA[1:0] 
IRQ(15:9,7:3, 1] SBHE# 
IRQ8# Interrupt M16# 
INT Controller lO16# 
NMI MRDC# 
MWTC# 
SALE#] SMRDC# 


LASAOE# ! SMWTC# 
SALAOE# 
FERR# 
IGNNE# 
LBIOSCS# 
KYBDCS# Support 


ALTRST# Loge , 
ALTA20 REFRESH# 


ABFULL —> RSTDRV 
RTCALE aie 0 

RTCRD# DREQ{[7:5,3:0] 
RTCWR# Controller DACK{7:5,3:0] 
FDCCS# w &-G EOP 


DSKCHG 
DLIGHT# MREQ(7:4]#/PIRQ(0:3]# 


EISA MREQ[3:0]# 
CRAMRD# 
CRAMWR# Arbiter = |—® MACK(3:0]#/EMACK[3:0] 


XBUSTR# 
XBUSOE# 
GPCS[2:0}#/ECS[2:0] 
AEN[4:1]/EAEN[4:1] 


Integrated 
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82378 


SYSTEM 1!/0O (SIO) 


m Provides the Bridge between the PCI 
Bus and ISA Bus 


= 100% PCI and ISA Compatible 

— PCI and ISA Master/Slave Interface 

— Directly Drives 10 PCi Loads and 6 
ISA Slots 

— Supports PCI at 25 MHz and 
33.33 MHz 

— Supports ISA: from 6 MHz to 
8.33 MHz 


m@ Enhanced DMA Functions 

— Scatter/Gather 

— Fast DMA Type A, B, and F 

— Compatible DMA Transfers 

— 32-Bit Addressability 

— Seven Independently Programmable 
Channels 

— Functionality of Two 82C37A DMA 
Controllers 


m= Integrated Data Buffers to Improve 
Performance 
— 8-Byte DMA/ISA Master Line Buffer 
— 32-Bit Posted Memory Write Buffer 
to ISA 


m@ Integrated 16-Bit BIOS Timer 


@ Arbitration for PC! Devices 
— Two or External PCI Masters 
Are Supported 
— Fixed, Rotating, or a Combination of 
the Two 


@ Arbitration for ISA Devices 
— ISA Masters 
— DMA and Refresh 


= Utility Bus (X-Bus) Peripheral Support 


— Provides Chip Select Decode 

— Controls Lower X-Bus Data Byte 
Transceiver 

— Integrates Port 92, Mouse Interrupt, 
Coprocessor Error Reporting 


Integrates the Functionality of One 
82C54 Timer 

— System Timer 

— Refresh Request 

— Speaker Tone Output 


Integrates the Functionality of Two 
82C59 Interrupt Controllers 
— 14 Interrupts Supported 


Non-Maskable Interrupts (NMI) 
— PCI System Errors 
— ISA Parity Errors 


208-Pin QFP Package 
5V CMOS Technol 


The 82378 System I/O (SIO) component provides the bridge between the PCI local bus and the ISA expansion 
bus. The SIO also integrates many of the common I/O functions found in today’s ISA based PC systems. The 
SIO incorporates the logic for a PCI interface (master and slave), ISA interface (master and slave), enhanced 
seven channel DMA controller that supports fast DMA transfers and Scatter/Gather, data buffers to isolate the. 
PCI bus from the ISA bus and to enhance performance, PCI and ISA arbitration, 14 level interrupt controller, a 
16-bit BIOS timer, three programmable timer/counters, and non-maskable-interrupt (NMI) control logic. The 
SIO also provides decode for peripheral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse 
Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 


IMPORTANT—READ THIS SECTION BEFORE READING THE REST OF THE DATA SHEET. 
This data sheet describes the 82378IB and 82378ZB components. All normal text describes the functional- 


ity for both components. All features that exist on the 82378ZB are shaded as shown below. 
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SA[19:0] 
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AEN 
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SYSCLK 
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1OR# 
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SMEMR# 
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RSTDRV 
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82433LX 
LOCAL BUS ACCELERATOR (LBX) 
= Supports the Full 64-Bit Pentium™ m Operates Synchronous to the 66 MHz 
Processor Data Bus at 66 MHz CPU and 33 MHz PCI Clocks 
@ Provides a 64-Bit Interface to DRAM = Supports Burst Read and Writes of 
and a 32-Bit Interface to PCI Memory from the Host and PCI Buses 
m@ Five Integrated Write Posting and Read m@ Sequential CPU Writes to PCI 
Prefetch Buffers Increase CPU and PCI Converted to Zero Wait-State PCI 
Master Performance Bursts with Optional TRDY # 
— CPU-to-Memory Posted Write Buffer Connection 


4 Qwords Deep 

— PCi-to-Memory Posted Write Buffer 
Two Buffers, 4 Dwords Each 

— PCi-to-Memory Read Prefetch Buffer 


4 Qwords Deep — Optional Parity Checking for the 


— CPU-to-PCi Posted Write Buffer Secondary Cache Residing on the 
4 Dwords Deep Host Data Bus 


— CPU-to-PCi Read Prefetch Buffer — Parity Checking for Host and PCI 
4 Dwords Deep Memory Reads 


m= Byte Parity Support for the Host and 
Memory Buses 
— Optional Parity Generation for Host 
to Memory Transfers 


m Host-to-Memory and Host-to-PCl Write — Parity Generation for PCI to Memory 
Posting Buffers Accelerate Write Writes 
Performance = m 160-Pin QFP Package 
@ Dual-Port Architecture Allows 
Concurrent Operations on the Host and m OV, CMOS Termeens 
PCI Buses 


Two 82433LX Local Bus Accelerator (LBX) components provide a 64-bit data path between the Host CPU/ 
cache and main memory, a 32-bit data path between the Host CPU bus and the PCI local bus, and a 32-bit 
data path between the PCI local bus and main memory. The dual-port architecture allows concurrent opera- 
tions on the Host and PCI Buses. The LBXs incorporate three write posting buffers and two read prefetch 
buffers to increase Pentium processor and PCl Master performance. The LBX supports byte parity for the Host 
and main memory buses. The LBX is intended to be used with the 82434LX PCl/Cache/Memory Controller 
(PCMC). During bus operations between the Host, main memory, and PCI, the PCMC commands the LBXs to 
perform functions such as latching address and data, merging data, and enabling output buffers. Together, 
these three components form a “Host Bridge” which provides a full function dual-port data path interface, 
linking the Host CPU and PCI bus to main memory. 


Pentium™ is a trademark of Intel Corporation. 
Manufactured and tested for Intel Corporation by LSI Logic in accordance with LSI’s internal standards. 
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Simplified LBX Block Diagram 


LBX 
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1.0 ARCHITECTURAL OVERVIEW 


The Local Bus Accelerator (LBX) provides a high 
performance data and address path for the 82430 
PCliset. The LBX incorporates five integrated buffers 
to increase the performance of the Pentium proces- 
sor and PCI Master devices. Two LBXs in the sys- 
tem support the following areas: 


1. 64-bit data and 32-bit address bus of the Pentium 
processor, 


PCI AD[15:0] 
INTERFACE TRDY# 


MAIN 
MEMORY 
INTERFACE 


MDj[31:0] 
MP[3:0] 
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MIG[2:0] 
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PPOUT 


PCMC 
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2. 32-bit multiplexed address/data bus of PCI, and 
3. 64-bit data bus of the main memory. 


In addition, the LBXs provide parity support for the 
three areas noted above (discussed further in Sec- 
tion 1.4). 
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1.1. Buffers in the LBX 3. PCi-to-Memory Read Prefetch Buffer—A PCI 
Master to memory read transaction will cause 
The Local Bus Accelerator (LBX) components have this prefetch buffer to read up to 4 Qwords of 
five integrated buffers designed to increase the per- data from memory, allowing up to 8 Dwords to be 
formance of the Host and PCI Interfaces of the read onto PCI in a single burst transaction. 
82430 PCiset. The five buffers numbered in Figure 4. CPU-to-PCI Posted Write Buffer—The Pentium 
1-1 are described in the following-section. processor can post up to 4 Dwords into this buff- 
1. CPU-to-Memory Posted Write Buffer—This er. The TRDY# connect option allows zero 
buffer is 4 Qwords deep, enabling the Pentium wait-state burst writes to PCI, making this buffer 
processor to write-back a whole cache line in especially useful for graphic write operations. 
4-1-1-1 timing, a total of 7 CPU clocks. 5. CPU-to-PCI Read Prefetch Buffer—This pre- 
2. PCli-to-Memory Posted Write Buffer—A PCI fetch buffer is 4 Dwords deep, enabling faster se- 
Master can post two consecutive sets of 4 quential Pentium processor reads when targeting 
Dwords (total of one cache line) or two single PCI. 


non-consecutive transactions. 
With the exception of the PCl-to-Memory write buffer 
and the CPU-to-PCl write buffer, the buffers in the 
LBX store data only, addresses are stored in the 
PCMC component. 


HOST BUS 


4 QWORDS 4 DWORDS 


MEMORY 
BUS 
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| 
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Figure 1-1. Simplified Block Diagram of the LBX Data Buffers 
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1.2 Control Interface Groups 


The LBX is controlled by the PCMC via the control 
interface group signals. There are three interface 
groups; Host, Memory, and PCI. These control 
groups are signal lines that carry binary codes which 
the LBX internally decodes in order to implement 
specific functions such as latching data and steering 
data from PCI to memory. The control interfaces are 
described below. 


1. Host Interface Group—These control signals 
are named HIG[4:0] and define a total of 29 dis- 
crete commands. The PCMC sends HIG com- 
mands to direct the LBX to perform functions re- 
lated to buffering and storing Host data and/or 
address. 


2. Memory Interface Group—tThese control sig- 
nals are named MIG[2:0] and define a total of 7 
discrete commands. The PCMC sends MIG com- 
mands to direct the LBX to perform functions re- 
lated to buffering, storing, and retiring data to 
memory. 


3. PCi Interface Group—These control signals are 
named PIG[3:0] and define a total of 15 discrete 
commands. The PCMC sends PIG commands to 
direct the LBX to perform functions related to 
buffering and storing PCI data and/or address. 
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MD(0:15] D[0:15] 


LOW ORDER LBX 
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AD[0:15] 
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1.3 System Bus Interconnect 


The architecture of the 82430 PClset splits the 
64-bit memory and host data buses into logical 
halves in order to manufacture LBX devices with 
manageable pin counts. The two LBXs interface to 
the 32-bit PCl AD[31:0] bus with 16 bits each. Each 
LBX connects to 16 bits of the AD[31:0] bus and 32 
bits of both the MD[0:63] bus and the D[0:63] bus. 
The lower order LBX (LBXL) connects to the low 
word of the AD[31:0] bus, while the high order LBX 
(LBXH) connects to the high word of the AD[31:0] 
bus. 


Since the PCI connection for each LBX falls on 
16-bit boundaries, each LBX does not simply con- 
nect to either the low Dword or high Dword of the 
Qword memory and Host buses. Instead, the low 
order LBX buffers the first and third words of each 
64-bit bus while the high order LBX buffers the sec- 
ond and fourth words of the memory and Host bus- 
es. 


As shown in Figure 1-2, LBXL connects to the first 
and third words of the 64-bit main memory and Host 
data buses. The same device also drives the first 16 . 
bits of the Host address bus, A[0:15]. The LBXH 
device connects to the second and fourth words of 
the 64-bit main memory and Host data buses. Corre- 
spondingly, LBXH drives the remaining 16 bits of the 
Host address bus, A[16:31]. 
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Figure 1-2. Simplified Interconnect Diagram of LBXs to System Buses 
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1.4 PCI TRDY # Interface 


The PCI control signals do not interface to the LBXs, 
instead these signals connect to the 82434LX 
PCMC component. The main function of the LBXs 
PCI interface is to drive address and data onto PCI 
when the CPU targets PCi and to latch address and 
data when a PCI Master targets main memory. 


The TRDY # option provides the capability for zero- 
wait state performance on PCI when the Pentium 
processor performs sequential writes to PCI. This 
option requires that PC! TRDY# be connected to 
each LBx, for a total of two additional connections in 
the system. These two TRDY# connections are in 
addition to the single TRDY# connection that the 
PCMC requires. | 


D[31:0]) <> 
A[15:0]) <> 
HP[3:0] <> 


Host 
interface 


Memory 
Interface 


Main ( MD[31:0]) <——> 
{ MP[3:0] <> 


ick: 
POLK 
LP]. 
RESET = 
Test oo 


TEST TSCON. 


82433LX 


1.5 Parity Support 


The LBXs support byte parity on the Host bus (CPU 
and second level cache) and main memory buses 
(local DRAM). The LBXs support parity during the 
address and data phases of PCI transactions 
to/from the Host Bridge. 


2.0 SIGNAL DESCRIPTIONS 


This section provides a detailed description of each 
signal. The signals (Figure 2-1) are arranged in func- 
tional groups according to their associated interface. 


The “#” symbol at the end of a signal name indi- 
cates that the active, or asserted state occurs when 
the signal is at a low voltage level. When “#”’ is not 
present after the signal name, the signal is asserted 
when at the high voltage level. 
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Figure 2-1. LBX Signals 
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The terms assertion and negation are used exten- The following notations are used to describe the sig- 
sively. This is done to avoid confusion when working nal type. 

with a mixture of “active-low” and “‘active-high”’ sig- in Input is a standard input-only signal. 

nals. The term assert, or assertion indicates that a 
signal is active, independent of whether that levelis Ut Totem Pole output is a standard active driver. 
represented by a high or low voltage. The term ne- t/s_ Tri-State is a bi-directional, tri-state input/out- 
gate, or negation indicates that a signal is inactive. put pin. 


2.1 Host Interface Signals 
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ADDRESS BUS: The bi-directional A[15:0] lines are connected to the address lines of 
the Host bus. The high order LBX (determined at reset time using the EOL signal) is 
connected to A[31:16], and the low order LBX is connected to A[15:0]. The host 
address bus is common with the Pentium processor, second level cache (L2), PCMC 
and the two LBXs. During CPU cycles A[31:3] are driven by the CPU and A[2:0] are 
driven by the PCMC, all are inputs to the LBXs. During inquire cycles the LBX drives 
the PCI Master address onto the Host address lines A[31:0]. This snoop address is 
driven to the CPU and the PCMC by the LBXs to snoop L1 and the integrated second 
level tags, respectively. During PCI configuration cycles bound for the PCMC, the 
LBXs will send or receive the configuration data to/from the PCMC by copying the 
Host data bus to/from the Host address bus. The LBX drives both halves of the Qword 
Host data bus with data from the 32-bit address during PCMC configuration read 
cycles. The LBX drives the 32-bit address with either the low Dword or the high Dword 
during PCMC configuration write cycles. 


HOST DATA: The bi-directional D[31:0] lines are connected to the data lines of the 
Host data bus. The high order LBX (determined at reset time using the EOL signal) is 
connected to the Host data bus D[63:32] lines, and the low order LBX is connected to 
the Host data bus D[31:0] lines. These pins contain internal pullup resistors. 


HOST DATA PARITY: HP[3:0] are the bi-directional byte parity signals for the Host 
data bus. The low order parity bit HP[0] corresponds to D[7:0] while the high order 
parity bit HP[3] corresponds to D[31:24]. The HP[3:0] signals function as parity inputs 
during write cycles and as parity outputs during read cycles. Even parity is supported 
and the HP[3:0] signals follow the same timings as D[31:0]. These pins contain 
internal pullup resistors. 


2.2 Main Memory (DRAM) Interface Se 


OL) 


MD[31:0] MEMORY DATA BUS: MD[31:0] are the bi-directional data lines for the memory 
data bus. The high order LBX (determined at reset time using the EOL signal) is 
2 


connected to the memory data bus MD[63:32] lines, and the low order LBX is 
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connected to the memory data bus MD[31:0] lines. The MD[31:0] signals drive data 
destined for either the Host data bus or the PCI bus. The MD[31:0] signals input data 
that originated from either the Host data bus or the PCI bus. These pins contain 
internal pullup resistors. 


MEMORY PARITY: MP[3:0] are the bi-directional byte enable parity signals for the 
memory data bus. The low order parity bit MP[0] corresponds to MD[7:0] while the 
high order parity bit MP[3] corresponds to MD[31:24]. The MP[3:0] signals are parity 
outputs during write cycles to memory and parity inputs during read cycles from 
memory. Even parity is supported and the MP[3:0] signals follow the same timings 
as MD[31:0]. These pins contain internal pullup resistors. 
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2.3 PCi Interface Signals 
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AD[15:0] t/s ADDRESS AND DATA: AD[15:0] are bi-directional data lines for the PCI bus. The 
AD[15:0] signals sample or drive the address and data on the PCI bus. The high 
TRDY # ce 


order LBX (determined at reset time using the EOL signal) is connected to the PCI 
2.4 PCMC Interface Signals 


bus AD[31:16] lines, and the low order LBX is connected to the PCI AD[15:0] lines. 
TARGET READY: TRDY # indicates the selected (targeted) device’s ability to 
complete the current data phase of the bus operation. For normal operation TRDY # 
is tied asserted low. When the TRDY # option is enabled in the PCMC (for zero wait 
state PCI burst writes), TRDY # should be connected to the PCI bus. 

| Signal_| Type Description 

HIG[4:0] HOST INTERFACE GROUP: These signals are driven from the PCMC and control 
the Host interface of the LBX. The LBX decodes the binary pattern of these lines to 
perform 29 unique functions. These signals are synchronous to the rising edge of 
HCLK. 

MIG[2:0] ie MEMORY INTERFACE GROUP: These signals are driven from the PCMC and 
perform 15 unique functions. These signals are synchronous to the rising edge of 
HCLK. 

MDLE . MEMORY DATA LATCH ENABLE: During CPU reads from DRAM, the LBX uses a 
clocked register to transfer data from the MD[31:0] and MP[3:0] lines to the D[31:0] 
and HP[3:0] lines. MDLE is the clock enable for this register. Data is clocked into this 
register when MDLE is asserted. The register retains its current value when MDLE is 
negated. 

During CPU reads from main memory, the LBX tri-states the D[31:0] and HP[3:0] 
lines on the rising edge of MDLE when HIG[4:0] = NOPC. 

DRVPCI DRIVE PCI BUS: This signal enables the LBX to drive either address or data 
information onto the PCI AD[15:0] lines. 


control the memory interface of the LBX. The LBX decodes the binary pattern of 
END OF LINE: This signal is asserted when a PCI master read or write transaction is 
about to overrun a cache line boundary. The low order LBX will have this pin 
connected to the PCMC (internally pulled up in the PCMC). The high order LBX 
connects this pin to a pull-down resistor. With one LBX EOL line being pulled down 


PC! INTERFACE GROUP: These signals are driven from the PCMC and control the 
PCI interface of the LBX. The LBX decodes the binary pattern of these lines to 


these lines to perform 7 unique functions. These signals are synchronous to the 
rising edge of HCLK. 

and the other LBX EOL pulled up, the LBX samples the value of this pin on the 
negation of the RESET signal to determine if it’s the high or low order LBX. 
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2.4 PCMC Interface Signals (Continued) 


Signal ‘Description 


LBX PARITY: This signal reflects the parity of the 16 AD lines driven from or latched 
into the LBX, depending on the command driven on PIG[3:0]. The PCMC uses PPOUT 
from both LBXs (called PPOUT[1:0] ) to calculate the PCI parity signal in (PAR) for 
CPU to PCI transactions during the address phase of the PCI cycle. The LBX uses 
PPOUT to check the PAR signal for PC] Master transactions to memory during the 
address phase of the PCI cycle. When transmitting data to PCI the PCMC uses PPOUT 
to calculate the proper value for PAR. When receiving data from PCI the PCMC uses 
PPOUT to check the value received on PAR. 


If the L2 cache does not implement parity, the LBX will calculate parity so the PCMC 
can drive the correct value on PAR during L2 reads initiated by a PC] Master. The LBX 
samples the PPOUT signal at the negation of reset and compares that state with the 
state of EOL to determine whether the L2 cache implements parity. The PCMC 
internally pulls down PPOUT[0] and internally pulls up PPOUT[1]. The L2 supports 
parity if PPOUT[0] is connected to the high order LBX and PPOUT[1] is connected to 
the low order LBX. The L2 is defined to not support parity if these connections are 
reversed, and for this case, the LBX will calculate parity. For normal operations either 
connection allows proper parity to be driven to the PCMC. 


2.5 Reset and Clock Signals 


Signal Description 


HOST CLOCK: HCLK is input to the LBX to synchronize command and data from the 
host and memory interfaces. This input is derived from a buffered copy of the PCMC 
HCLKx output. 


PCI CLOCK: All timing on the LBX PCI interface is referenced to the PCLK input. All 
output signals on the PCI interface are driven from PCLK rising edges and all input 
signals on the PCI interface are sampled on PCLK rising edges. This input is derived 
from a buffered copy of the PCMC PCLK output. 


RESET RESET: Assertion of this signal resets the LBX component. After reset has been 
negated the LBX configures itself by sampling the EOL and PPOUT pins. 

LOOP 1: Phase Lock Loop Filter pin. The filter components required for the LBX are 

connected to these pins. 


LP2 LOOP 2: Phase Lock Loop Filter pin. The filter components required for the LBX are 
connected to these pins 


TEST: The TEST pin must be tied low for normal system operation. 


TRI-STATE CONTROL: This signal enables the output buffers on the LBX. This pin 
must be held high for normal operation. If TSCON is negated, all LBX outputs will tri- 
state. 
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3.0 FUNCTIONAL DESCRIPTION 


3.1 LBX Post and Prefetch Buffers 


This section describes the five write posting and 
read prefetching buffers implemented in the LBX. 
The discussion in this section refers to the operation 
of both LBXs in the system. 


3.1.1 CPU-TO-MEMORY POSTED WRITE 
BUFFER 


The write buffer is a queue 4 Qwords deep, it loads 
Qwords from the CPU and stores Qwords to memo- 
ry. It is 4 Qwords deep to accommodate write-backs 
from the first or second level caches. It is organized 
as a simple FIFO. Commands driven on the HIG[4:0] 
lines store Qwords into the buffer, while commands 
on the MIG[2:0] lines retire Qwords from the buffer. 
While retiring Qwords to memory, the DRAM control- 
ler unit of the PCMC will assert the appropriate MA, 
CAS[7:0]#, and WE# signals. The PCMC keeps 
track of full/empty states, status of the data and ad- 
dress. 


Byte parity for data to be written to memory is either 
propagated from the host bus or generated by the 
LBX. The LBX generates parity for data from the 
second level cache when the second level cache 
does not implement parity. 


3.1.2 PCl-TO-MEMORY POSTED WRITE 
BUFFER 


The buffer is organized as 2 buffers (4 Dwords 
each). There is an address storage register for each 
buffer. When an address is stored one of the two 
buffers is allocated and subsequent Dwords of data 
are stored beginning at the first location in that buff- 
er. Buffers are retired to memory strictly in order, 
Qword at a time. 


Commands driven on the PIG[3:0] lines post ad- 
dresses and data into the buffer. Commands driven 
on HIG[4:0] result in addresses being driven on the 
Host address bus. Commands driven on MIG[2:0] 
result in data being retired to DRAM. 


For cases where the address targeted by the first 
Dword is odd, i.e., A[2] = 1, and the data is stored 
in an even location in the buffer, the LBX correctly 
aligns the Dword when retiring the data to DRAM. In 
other words the buffer is capable of retiring a Qword 
to memory where the data in the buffer is shifted by 
1 Dword (Dword is position 0 shifted to 1, 1 shifted 
to 2 etc.). The DRAM controller of the PCMC asserts 
the correct CAS[7:0] # signals depending on the PCI 
C/BE[3:0] # signals stored in the PCMC for that 
Dword. 
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The End Of Line (EOL) signal is used to prevent PCI 
master writes from bursting past the cache line 
boundary. The device that provides ‘‘warning”’ to the 
PCMC is the low order LBX. This device contains the 
PCI master write low order address bits necessary to 
determine how many Dwords are left to the end of 
the line. Consequently, the LBX protocol uses the 
EOL signal from the low order LBX to provide this 
“end-of-line” warning to the PCMC, so that it may 
retry a PCI master write when it bursts past the 
cache line boundary. This protocol is described fully 
in Section 3.3.6. 


The LBX calculates Dword parity on PCI write data, 
sending the proper value to the PCMC on PPOUT. 
The LBX generates byte parity on the MP signals for 
writing into DRAM. 


3.1.3 PCl-TO-MEMORY READ PREFETCH 
BUFFER 


This buffer is organized as a line buffer (4 Qwords) 
for burst transfers to PCI. The data is transferred into 
the buffer a Qword at a time and read out a Dword at 
a time. The LBX then effectively decouples the 
memory read rate from the PCI rate to increase con- 
currence. 


Each new transaction begins by storing the first 
Dword in the first location in the buffer. The starting 
Dword for reading data out of the buffer onto PCI 
must be specified within a Qword boundary; that is 
the first requested Dword on PCI could be an even 
or odd Dword. If the snoop for a PCI master read 
results in a write-back from the first or second level 
cache this write-back is sent directly to PCI and 
Memory. The following two paragraphs describe this 
process for cache line write-backs. 


Since the write-back data from the primary cache is 
in linear order, writing into the buffer is straightfor- 
ward. Only those Qwords to be transferred onto PCI 
are latched into the PCl-to-Memory read buffer. For 
example, if the address targeted by PCI is in the 3rd 
or 4th Qword in the line, the first 2 Qwords of write- 
back data are discarded and not written into the 
read buffer. The primary cache write-back is always 
written completely to the CPU-to-Memory posted 
write buffer. 


If the PCI master read data is read from the second 
level cache, it is not written back to memory. Write- 
backs from the second level cache when using burst 
SRAMs are in Pentium processor burst order, the 
order depending on which Qword of the line is tar- 
geted by the PCI read. The buffer is directly ad- 
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_ dressed when latching second level cache write- 
back data to accommodate this burst order. For ex- 
ample, if the requested Qword is Qword 1, then the 
burst order is 1-0-3-2. Qword 1 is latched in buffer 
location 0, Qword 0 is discarded, Qword 3 is latched 
into buffer location 2 and Qword 2 is latched into 
buffer location 1. 


Commands driven on MIG[2:0] and HIG[4:0] enter 
data into the buffer from the DRAM interface and the 
Host interface (i.e., the caches), respectively. Com- 
mands driven on the PIG[3:0] lines drive data from 
the buffer onto the PC! AD[31:0] lines. 


Parity driven on the PPOUT signal is calculated from 
the byte parity received on the Host bus or the mem- 
ory bus, whichever is the source. If the second level 
cache is the source of the data and it does not im- 
plement parity, the parity driven on PPOUT is gener- 
ated by the LBX from the second level cache data. 


3.1.4 CPU-TO-PCi POSTED WRITE BUFFER 


The CPU-to-PCI posted write buffer is 4 Dwords 
deep. The buffer is constructed as a simple FIFO, 
with some performance enhancements. An address 
is stored in the LBX with each Dword of data. The 
structure of the buffer accommodates the packetiza- 
tion of writes to be burst on PCI. This is accom- 
plished by effectively discarding addresses of data 
Dwords driven within a burst. Thus, while an address 
is stored for each Dword, an address is not neces- 
sarily driven on PCI for each Dword. The PCMC de- 
termines when a burst write may be performed 
based on consecutive addresses. The buffer also 
enables consecutive bytes to be merged within a 
single Dword, accommodating byte, word, and misa- 
ligned Dword string store and string move opera- 
tions. Qword writes on the Host bus are stored 
within the buffer as two individual Dword writes, 
with separate addresses. 


The storing of an address with each Dword of data 
allows burst writes to be retried easily. In order to 
retry transactions, the FIFO is effectively ‘backed 
up” by one Dword. This is accomplished by making 
the FIFO physically one entry larger than it is logical- 
ly. Thus, the buffer is physically 5 entries deep (an 
entry consists of an address and a Dword of data), 
while logically it is considered full when 4 entries 
have been posted. This design allows the FIFO to 
be backed up one entry when it is logically full. 


Commands driven on HIG[4:0] post addresses and 
data into the buffer, and commands driven on 
PIG[3:0] retire addresses and data from the buffer 
and drive them onto the PC! AD[31:0] lines. As dis- 
cussed previously, when bursting, not all addresses 
are driven onto PCI. 
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Data parity driven on the PPOUT signal is calculated 
from the byte parity received on the Host bus. Ad- 
dress parity driven on PPOUT is calculated from the 
address received on the Host bus. 


3.1.5 CPU-TO-PCIl READ PREFETCH BUFFER 


This prefetch buffer is organized as a single buffer 4 
Dwords deep. The buffer is organized as a simple 
FIFO. Reads from the buffer are sequential; the buff- 
er does not support random access of its contents. 
To support reads of less than a Dword the FIFO 
read pointer can function with or without a pre-incre- 
ment. The pointer can also be reset to the first entry 
before a Dword is driven. When a Dword is read, it is 
driven onto both halves of the Host data bus. 


Commands driven on the HIG[4:0] lines enable read 
addresses to be sent onto PCI, the addresses are 
driven using PIG[3:0] commands. Read data is 
latched into the LBX by commands driven on the 
PIG[3:0] lines and the data is driven onto the host 
data bus using commands driven on the HIG[4:0] 
lines. | 


The LBX calculates Dword parity on PCI read data, 
sending the proper value to the PCMC on PPOUT. 
The LBX does not generate byte parity on the Host 
data bus when the CPU reads PCI. 


3.2 LBX Interface Command 
Descriptions 


This section describes the functionality of the HIG, 
MIG and PIG commands driven by the PCMC to the 
LBXs. 


3.2.1 HOST INTERFACE GROUP: HIG[4:0] 


The Host Interface commands are shown in Table 
3-1. These commands are issued by the Host inter- 
face of the PCMC to the LBXs in order to perform 
the following functions: 


Reads from CPU-to-PCl read prefetch buffer 
when the CPU reads from PCI. 


Stores write-back data to PCl-to-Memory read 
prefetch buffer when PCI read address results in 
a hit to a modified line in the first or second level 
caches. 


Posts data to CPU-to-Memory write buffer in the 
case of a CPU to memory write. 


Posts data to CPU-to-PCl write buffer in the case 
of a CPU to PCI write. 


Drives Host address to data lines and data to ad- 
dress lines for programming the PCMC configura- 
tion registers. 


| 
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Table 3-1. HIG Command 


Store Write-back Data Qword 0 to PCl-to-Memory Read Buffer 
Post to CPU-to-PCl Write Low Dword 
PCPWH | 10100b | PosttoCPULo-PCIWrteHigh word SSSSSCS~*~*«d 


NOTE: 
All other patterns are reserved. 
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NOPC: No Operation is performed on the Host bus 
by the LBX hence it tri-states its Host bus drivers. 


CMR: This command effectively drives DRAM data 
onto the Host data bus. The LBX acts as a transpar- 
ent latch in this mode, depending on MDLE for latch 
control. With the MDLE signal high the CMR com- 
mand will cause the LBXs to buffer memory data 
onto the Host bus. When MDLE is low, the LBX will 
drive onto the Host bus whatever memory data that 
was latched when MDLE was negated. 


CPRF: This command reads the first Dword of the 
CPU-to-PCl read prefetch buffer. The read pointer of 
the FIFO is set to point to the first Dword. The 
Dword is driven onto the upper and lower halves of 
the Host data bus. ? 


CPRA: This command increments the read pointer 
of the CPU-to-PCI read prefetch buffer FIFO and 
drives that Dword onto the Host bus when it is driven 
after a CPRF or CPRB command. If driven after an- 
other CPRA command, the LBX drives the current 
Dword while the read pointer of the FIFO is not in- 
cremented. The Dword is driven onto the upper and 
lower halves of the Host data bus. 


CPRB: This command increments the read pointer 
of the CPU-to-PCI read prefetch buffer FIFO and 
drives that Dword onto the Host bus when it is driven 
after a CPRA command. If driven after another 
CPRB command, the LBX drives the current Dword 
while the read pointer of the FIFO is not increment- 
ed. The Dword is driven onto the upper and lower 
halves of the Host data bus. 


CPRQ: This command drives the first Dword stored 
in the CPU-to-PCI read prefetch buffer onto the low- 
er half of the Host data bus, and drives the second 
Dword onto the upper half of the Host data bus, re- 
gardless of the state of the read pointer. The read 
pointer is not affected by this command. 


SWBO: This command stores a Qword from the host 
data lines into location 0 of the PCl-to-Memory read 
buffer. Parity is either generated for the data or prop- 
agated from the Host bus based on the state of the 
PPOUT signals sampled at the negation of RESET 
when the LBXs were initialized. 


SWB1: This command (similar to SWBO) stores a 
Qword from the host data lines into location 1 of the 
PCl-to-Memory read buffer. Parity is either generat- 
ed for the data or propagated from the Host Bus 
based on the state of the PPOUT signal sampled at 
the falling edge of RESET. 


SWB2: This command, (similar to SWBO), stores a 


Qword from the host data lines into location 2 of the 
PCl-to-Memory read buffer. Parity is either generat- 
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ed for the data or propagated from the Host Bus 
based on the state of the PPOUT signal sampled at 
the falling edge of RESET. 


SWB3: This command stores a Qword from the host 
data lines into location 3 of the PCl-to-Memory read 


_ buffer. Parity is either generated for the data or prop- 


agated from the Host Bus based on the state of the 
PPOUT signal sampled at the falling edge of 
RESET. 


PCMWAQ: This command posts one Qword of data 
from the host data lines to the CPU-to-Memory write 
buffer. 


PCMWFA@: If the PCI Memory read address leads to 
a hit on a modified line in the first level cache, a 
write-back is scheduled and this data has to be writ- 
ten into the CPU-to-Memory write buffer and PCI-to- 
Memory read buffer at the same time. The 
write-back of the first Qword is done by this com- 
mand to both the buffers. 


PCMWNAQ: This command follows the previous com- 
mand to store or post subsequent write-back 
Qwords. : 


PCPWL: This command posts the low Dword of a 
CPU to PCI write. The CPU-to-PCl write buffer stores 
a Dword of PCI address for every Dword of data, 
hence this command also stores the address of the 
low Dword in the address location for the data. Ad- 
dress bit [2] is not stored directly; this command as- 
sumes a value of 0 for A[2] and this is what is 
stored. | 


MCP3L: This command merges the 3 most signifi- 
cant bytes of the low Dword of the Host data bus 
into the last Dword posted to the CPU-to-PCl write 
buffer. The address is not modified. 


MCP2L: This command merges the 2 most signifi- 
cant bytes of the low Dword of the Host data bus 
into the last Dword posted to the CPU-to-PCI write 
buffer. The address is not modified. 


MCP1L: This command merges the most significant 
byte of the low Dword of the Host data bus into the 
last Dword posted to the CPU-to-PCl write buffer. 
The address is not modified. 


PCPWH: This command Posts the high Dword of a 
CPU to PCI write, with its address, into the address 
location. Hence, to do a Qword write PCPWL has to 
be followed by a PCPWH. Address bit [2] is not 
stored directly; this command forces a value of 1 for 
A[2] and this is what is stored. 


MCP3H: This command merges the 3 most signifi- 
cant bytes of the high Dword of the Host data bus 
into the last Dword posted to the CPU-to-PCl write 
buffer. The address is not modified. 
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MCP2H: This command merges the 2 most signifi- 
cant bytes of the high Dword of the Host data bus 
into the last Dword posted to the CPU-to-PCl write 
buffer. The address is not modified. 


MCP 1H: This command merges the most significant 
byte of the high Dword of the Host data bus into the 
last Dword posted to the CPU-to-PCl write buffer. 
The address is not modified. 


LCPRAD: This command latches the Host address 
to drive on PCI for a CPU to PCI read. It is necessary 
to latch the address in order to drive inquire ad- 
dresses on the Host address bus before the CPU 
address is driven onto PCI. 


DPRA: The PCI Memory read address is latched in 
the PCI A/D latch by a PIG command LCPRAD, this 
address is driven onto the Host address bus by 
DPRA. Used in PCI to memory read transaction. 


DPWA: The DPWA command drives the address of 
the current PCI master write buffer onto the Host 
address bus. This command is potentially driven for 
multiple cycles. When it is no longer driven, the read 
pointer will increment to point to the next buffer, and 
a subsequent DPWA command will read the address 
from that buffer. 


ADCPY: This command drives the Host data bus 
with the Host address. The address is copied on the 
high and low halves of the Qword data bus; i.e., 
A[31:0] is copied onto D[31:0] and D[63:32]. This 
command is used when the CPU reads from the 
PCMC configuration registers. 
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DACPYH: This command drives the Host address 
bus with the high Dword of Host data. This com- 
mand is used when the CPU writes to the PCMC 
configuration registers. 


DACPYL: This command drives the Host address 
bus with the low Dword of host data. This command 
is used when the CPU writes to the PCMC configura- 
tion registers. 


PSCD: This command is used to post the value of 
the Special Cycle code into the CPU-to-PCI posted 
write buffer. The value is driven onto the A[31:0] 
lines by the PCMC, after acquiring the address bus 
by asserting AHOLD. The value on the A[31:0] lines 
is posted into the DATA location in the CPU-to-PCl 
posted write buffer. 


DRVFF: This command causes the LBX to drive 
FFFFFFFFh onto the Host data bus. It is used for 
CPU reads from PCI that terminate with master 
abort. 


3.2.2 MEMORY INTERFACE GROUP: MIG([2:0] 


The Memory Interface commands are shown in Ta- 
ble 3-2. These commands are issued by the DRAM 
controller of the PCMC to perform the following 
functions: 


Retires data from CPU-to-Memory write buffer to 
DRAM. 


Stores data into PCl-to-Memory read buffer when 
the PCI read address is targeted to DRAM. 


Retires PCl-to-Memory write buffer to DRAM. 


Table 3-2. MIG Commands 


PMRFQ 


MEMDRV 111b 


NOTE: 
All other patterns are reserved. — 


000b | No Operation on Memory Bus 
001b | Place into PCl-to-Memory Read Buffer First Qword 
010b | Place into PCl-to-Memory Read Buffer Next Qword 


RCMWQ Retire CPU-to-Memory Write Buffer Qword 


RPMWQ Retire PCl-to-Memory Write Buffer Qword 
RPMWQS Retire PCl-to-Memory Write Buffer Qword Shifted 


Drive Latched Data onto Memory Bus for 1 Clock Cycle 


Description 
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NOPM: No Operation on the Memory bus. The LBX 
tri-states its drivers driving the memory bus. 


PMRFQ: The PCI to Memory read address targets 
memory if there is a miss on L1 and L2 caches, this 
command stores the first Qword of data starting at 
the first location in the buffer. This buffer is 8 Dwords 
or 1 cache line deep. 


PMRNQ: This command stores subsequent Qwords 
from memory starting at the next available location 
in the PCl-to-Memory read buffer. It is always used 
after PMRFQ. 


RCMWAQ: This command retires one Qword from the 
CPU-to-Memory write buffer to DRAM. The address 
is stored in the address queue for this buffer in the 
PCMC. 


RPMWGQ: This command retires one Qword of data 
from one line of the PCl-to-Memory write buffer to 
DRAM. When all the valid data in one buffer is re- 
tired, the next RPMWQ (or RPMWQS) will read data 
from the next buffer. 


RPMW@QS: This command retires one Qword of data 
from one line of PCl-to-Memory write buffer to 
DRAM. For this command the data in the buffer is 
shifted by one Dword (Dword in position 0 is shifted 
to 1, 1 to 2 etc.). This is because the address target- 
ed by the first Dword of the write could be an odd 
Dword (i.e., address bit [2] is a 1). To retire a misa- 
ligned line this command has to be used for all the 
data in the buffer. When all the valid data in one 
buffer is retired, the next RPMWQ (or RPMWQS) will 
read data from the next buffer. 
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MEMDRYV: For a memory write operation the data on 
the memory bus is required for more than one clock 
cycle hence all DRAM retires are latched and driven 


to the memory bus in subsequent cycles by this 
command. 


3.2.3 PCI INTERFACE GROUP: PIG(3:0] 


The PCI Interface commands are shown in Table 
3-3. These commands are issued by the PCI Mas- 
ter/Slave interface of the PCMC to perform the fol- 
lowing functions: 


Slave Posts address and data to PCl-to-Memory 
Write Buffer. 


Slave Sends PCl-to-Memory read data on the AD 
bus. 


Slave Latches PCI Master Memory address so 
that it can be gated to the host address bus. 


Master Latches CPU-to-PCl read data from the 
AD bus. 


Master Retires CPU-to-PClI write buffer. 
Master sends CPU-to-PCI address to the AD bus. 


The PCI AD[31:0] lines are driven by asserting the 
signal DRVPCI. This signal is used for both master 
and slave transactions. 


Parity is calculated on either the value being driven 
onto PCI or the value being received on PCI, de- 
pending on the command. In Table 3-3, the PAR 
column has been included to indicate the value that 
the PPOUT signals are based on. An “‘!” indicates 
that the PPOUT signals reflect the parity of the AD 
lines as inputs to the LBX. An ‘‘O” indicates that the 
PPOUT signals reflect the value being driven on the 
PCI AD lines. See Section 3.3.4 for the timing rela- — 
tionship between the PIG[3:0] command, the 
AD[31:0] lines, and the PPOUT signals. 


Table 3-3. PIG Commands 


All other patterns are reserved. 


NOTE: 


PPMWA: This command selects a new buffer and 
places the PCI Master address latch value into the 
address register for that buffer. The next PPMWD 
command posts write data in the first location of this 
newly selected buffer. This command also causes 
the EOL logic to decrement the count of Dwords 
remaining in the line. . 


PPMWD: This command stores the value in the AD 
latch into the next data location in the currently se- 
lected buffer. This command also causes the EOL 
logic to decrement the count of Dwords remaining in 
the line. 


SPMRH: This command sends the high order Dword 
from the first Qword of the PCl-to-Memory read buff- 
er onto PCI. This command also causes the EOL 
logic to decrement the count of Dwords remaining in 
the line. 


SPMRL: This command sends the low order Dword 
from the first Qword of the PCl-to-Memory read buff- 
er onto PCI. This command also selects the Dword 
alignment for the transaction and causes the EOL 
logic to decrement the count of Dwords remaining in 
the line. 


SPMRN: This command sends the next Dword from 
the PCl-to-Memory read buffer onto PCI. This com- 
mand also causes the EOL logic to decrement the 
count of Dwords remaining in the line. This com- 
mand is used for the second and all subsequent 
Dwords of the current transaction. 


Pele 

tok 

CR 

LIO= | 

meee 

i. ak atch CPU Read from PCI into Prefetch Buffer Next Dword, A Toggle 

| 1 | Latch CPU Read from PCI into Prefetch Buffer Next Dword, B Toggle 
| 0100b | O | Drive CPU-to-PCl Write Buffer Address 

| © | Drive CPU-to-PCI Write Buffer Data 

| OQ | Drive CPU-to-PC! Write Buffer Last Data 

| © | Discard Current CPU-to-PCI Write Buffer Data 

|O | Backup CPU-to-PCI Write BufferforRetry 

| © | Send CPU to PCI Address 

ete Latch PCI Master Address 


LCPRF: This command acquires the value of the 
AD[31:0] lines into the first location in the CPU-to- 
PCI read prefetch buffer until a different command is 
driven. 


LCPRA: When driven after a LCPRF or LCPRB com- 
mand, this command latches the value of the 
AD[31:0] lines into the next location into the CPU-to- 
PCI read prefetch buffer. When driven after another 
LCPRA command, this command latches the value 
on AD[31:0] into the same location in the CPU-to- 
PCI read prefetch buffer, overwriting the previous 
value. 


LCPRB: When driven after a LCPRA command, this 
command latches the value of the AD[31:0] lines 
into the next location into the CPU-to-PCI read pre- 


. fetch buffer. When driven after another LCPRB com- 


mand, this command latches the value on AD[31:0] 
into the same location in the CPU-to-PCi read pre- 
fetch buffer, overwriting the previous value. 


DCPWA: This command drives the next address in 
the CPU-to-PCI write buffer onto PCI. The read 
pointer of the FIFO is not incremented. 


DCPWD: This command drives the next data Dword 
in the CPU-to-PCl write buffer onto PCI. The read 
pointer of the FIFO is incremented on the next PCLK 
if TRDY # is asserted. 
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DCPWL: This command drives the previous data 
Dword in the CPU-to-PCI write buffer onto PCI. This 
is the data which was driven by the last DCPWD 
command. The read pointer of the FIFO is not incre- 
mented. 


DCCPD: This command discards the current Dword 
in the CPU-to-PClI write buffer. This is used to clear 
write data when the write transaction terminates with 
Master Abort, where TRDY # is never asserted. 


BCPWR: For this command the CPU-to-PCl write 
buffer is “backed up” one entry such that the ad- 
dress/data pair last driven with the DCPWA and 
DCPWD commands will be driven again on the 
AD[31:0] lines when the commands are driven 
again. This command is used when the target has 
retried the write cycle. 


SCPA: This command drives the value on the Host 
address bus onto PCI. 


o 


LPMA: This command stores the previous AD[31:0] 
value into the PCI master address latch. If the EOL 
logic determines that the requested Dword is the last 
Dword of a line, then the EOL signal will be asserted; 
otherwise the EOL signal will be negated. 


3.3 LBX Timing Diagrams 


This section describes the timing relationship be- 
tween the LBX control signals and the interface 
buses. 


3.3.1 HIG[4:0] COMMAND TIMING 


The commands driven on HIG[4:0] can cause the 
Host address bus and/or the Host data bus to be 
driven and latched. The following timing diagram il- 
lustrates the timing relationship between the driven 
command and the buses. The “Host bus’”’ in the dia- 
gram could be address and/or data. 
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Figure 3-1. HIG[4:0] Command Timing 


Note that the Drive command takes two cycles to 
drive the Host data bus, but only one to drive the 
address. When the NOPC command is sampled, the 
LBX takes only one cycle to release the Host bus. 


The Drive commands in Figure 3-1 are any of the 
following: 


CPRA 


CMR CPRF CPRB 
CPRQ DPRA DPWA ADCPY 
DACPYH DACPYL DRVFF 
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The Latch command in Figure 3-1 is any of the fol- 
lowing: } 


SWBO SWB1 SWB2 SWB3 
PCMWQ PCMWFQ PCMWNQ PCPWL 
MCP3L MCP2L MCP1L PCPWH 
MCP3H MCP2H LCPRAD PSCD 


3.3.2 HIG[4:0] MEMORY READ TIMING 


Figure 3-2 illustrates the timing relationship between 
the HIG[4:0], MIG[2:0], CAS[7:0] #, and MDLE sig- 
nals for DRAM memory reads. The delays shown in 
Figure 3-2 do not represent the actual A.C. timings, 
but are intended only to show how the delay affects 
the sequencing of the signals. 


HCLK 
HIG[4:0] 


HD[63:0] 
BRDY# 


CWE[7:0}# 


MIG[2:0] 
MDLE 


CAS[7:0]# 
MD[63:0] 
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Figure 3-2. CPU Read from Memory 


When the CPU is reading from DRAM, the HIG[4:0] 
lines are driven with the CMR command which caus- 
es the LBX to drive memory data onto the HD bus. 
Until the MD bus is valid, the HD bus will be driven 
with invalid data. When CAS[7:0] # assert, the MD 
bus becomes valid after the DRAM CAS[7:0] # 
access time. The MD and MP lines are directed 
through a synchronous register inside the LBX to the 
HD and HP lines. MDLE acts as a clock enable for 
this register. When MDLE is asserted, the LBX sam- 
ples the MD and MP lines. When MDLE is negated, 
the MD and HD register retains its current value. 


MIG[2:0] 


MD[63:0] 


CAS[7:0}# . 
| 


MS Po nical os: is tid OPM pte ieee ee tee Ti nel a ea or 
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The LBX releases the HD bus based on sampling 
the NOPC command on the HIG[4:0] lines and 
MDLE being asserted. By delaying the release of the 
HD bus until MDLE is asserted, the LBX provides 
hold time for the data with respect to the write en- 
able strobes (CWE[7:0]#) of the second level 
cache. 


3.3.3 MIG[2:0] COMMAND 


Figure 3-3 illustrates the timing of the MIG[2:0] com- 
mands with respect to the MD bus, CAS[7:0] #, and 
WE#. Figure 3-3 shows the MD bus transitioning 
from a read to a write cycle. 


Figure 3-3. MIG[2:0] Command Timing 
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The Latch command in Figure 3-3 is any of the fol- 
lowing: 
PMRFQ PMRNQ 

The Retire command in Figure 3-3 is any of the fol- 
lowing: 
RCMWQ RPMWQ RPMWQS 

The data on the MD bus is sampled at the end of the 
first cycle into the LBX based on sampling the Latch 
command. The CAS[7:0] # signals can be negated 
in the next clock. The WE# signal is asserted in the 
next clock. The required delay between the asser- 
tion of WE # and the assertion of CAS[7:0] # means 
that the MD bus has 2 cycles to turn around; hence 
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the NOPM command driven in the second clock. 
The LBX starts to drive the MD bus based on sam- 
pling the Retire command at the end of the third 
clock. After the Retire command is driven for 1 cy- 
cle, the data is held at the output by the MEMDRV 
command. The LBX releases the MD bus based on 
sampling the NOPM command at the end of the 
sixth clock. 


3.3.4 PIG[3:0] COMMAND, DRVPCI, AND 
PPOUT TIMING 


Figure 3-4 illustrates the timing of the PIG[3:0] com- 
mands, the DRVPCI signal, and the PPOUT[1:0] sig- 
nal relative to the PC! AD[31:0] lines. 
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Figure 3-4. PIG[3:0] Command Timing 


The Drive commands in Figure 3-4 are any of the 
following: 


SPMRH SPMRL. SPMRN 
DCPWA DCPWD DCPWL 
SCPA 


The Latch commands in Figure 3-4 are any of the 
following: 
PPMWA PPMWD LPMA 

The following commands do not fit in either catego- 
ry, although they function like Latch type commands 
with respect to the PPOUT[1:0] signals. They are 
described in Section 3.3.5. 

LCPRF 


LCPRA LCPRB 


The DRVPCI signal is driven synchronous to the PCI 


bus, enabling the LBXs to initiate driving the PCI 
AD[31:0] lines one clock after DRVPCI is asserted. 
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As shown in Figure 3-4, if DRVPCI is asserted in 
cycle N, the PC! AD[31:0] lines are driven in cycle 
N+1. The negation of the DRVPCI signal causes 
the LBXs to asynchronously release the PCI bus, 
enabling the LBXs to cease driving the PC! AD[31:0] 
lines in the same clock that DRVPCI is negated. As 
shown in Figure 3-4, if DRVPCI is negated in cycle 
N, the PCI AD[31:0] lines are released in cycle N. 


PCI address and data parity is available at the LBX 
interface on the PPOUT lines from the LBX. The par- 
ity for data flow from PCI to LBX is valid 1 clock 
cycle after data on the AD bus. The parity for data 
flow from LBX to PCI is valid in the same cycle as 
the data. When the AD[31:0] lines transition from 
input to output, there is no conflict on the parity lines 
due to the dead cycle for bus turnaround. This is 
illustrated in the sixth and seventh clock of Figure 
3-4. | 
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3.3.5 PIG[3:0]: READ PREFETCH BUFFER 
COMMAND TIMING 


The structure of the CPU-to-PCI read prefetch buffer 
required special considerations due to the partition 
of the PCMC and LBX. The PCMC interfaces only to 
the PCI control signals, while the LBXs interface only 
to the data. Therefore, it is not possible to latch a 
Dword of data into the prefetch buffer after it is quali- 
fied by TRDY#: instead, the data is repetitively 
latched into the same location until TRDY # is sam- 
pled asserted. Only after TRDY # is sampled assert- 
ed is data valid in the buffer. A toggling mechanism 
is implemented to advance the write pointer to the 
next Dword after the current Dword has been quali- 
fied by TRDY #. 


Other considerations of the partition are taken into 
account on the Host side as well. When reading 
from the buffer, the command to drive the data onto 
the Host bus is sent before it is known that the entry 
is valid. This method avoids the wait state that would 
be introduced by waiting for an entry’s TRDY # to be 
asserted before sending the command to drive the 
entry onto the Host bus. The FIFO structure of the 
buffer also necessitates a toggling scheme to ad- 
vance to the next buffer entry after the current entry 
has been successfully driven. Also, this method 
gives the LBX the ability to drive the same Dword 
twice, enabling reads of less than a Dword to be 
serviced by the buffer; reads of individual bytes of a 
Dword would read the same Dword 4 times. 
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The HIG[4:0] and PIG[3:0] lines are defined to en- 
able the features described previously. The LCPRF 
PIG[3:0] command latches the first PCI read Dword 
into the first location in the CPU-to-PCl read prefetch 
buffer. This command is driven until TRDY # is sam- 
pled asserted. The valid Dword would then be in the 
first location of the buffer. The cycle after TRDY # is 
sampled asserted, the PCMC drives the LCPRA 
command on the PIG[3:0] lines. This action latches 
the value on the PCI AD[31:0] lines into the next 
Dword location in the buffer. Again, the LCPRA com- 
mand is driven until TRDY# is sampled asserted. 
Each cycle the LCPRA command is driven, data is 
latched into the same location in the buffer. When 
TRDY # is sampled asserted, the PCMC drives the 
LCPRB command on the PIG[3:0] lines. This latches 
the value on the AD[31:0] lines into the next location 
in the buffer, the one after the location that the previ- 
ous LCPRA command latched data into. After 
TRDY # has been sampled asserted again, the com- 
mand switches back to LCPRA. In this way, the 
same location in the buffer can be filled repeatedly 
until valid, and when it is Known that the location is 
valid, the next location can be filled. - 


The commands for the HIG[4:0], CPRF, CPRA, and 
CPRB, work exactly the same way. If the same com- 
mand is driven, the same data is driven. Driving an 
appropriately different command results in the next 
data being driven. Figure 3-5 illustrates the usage of 
these commands. 
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Figure 3-5. PIG([3:0] CPU-to-PCI Read Prefetch Buffer Commands 


Figure 3-5 shows an example of how the PIG com- 
mands function on the PCI side of the LBX. The 
LCPRF command is driven on the PIG[3:0] lines un- 
til TRDY # is sampled asserted at the end of the fifth 
PCI clock. The LCPRA command is then driven until 
TRDY # is again sampled asserted at the end of the 
seventh PCI clock. TRDY# is sampled asserted 
again at the end of the eighth PCI clock so LCPRB is 
driven only once. Finally, LCPRA is driven again until 
the last TRDY # is asserted, at the end of the tenth 
PCI clock. In this way, 4 Dwords are latched in the 
CPU-to-PCI read prefetch buffer. 


Figure 3-5 also shows an example of how the HIG 
commands function on the Host side of the LBX. 
Two clocks after sampling the CPRF command, the 
LBX drives the host data bus. The data takes two 
cycles to become stable. The first data driven in this 
case is invalid, since the data has not arrived on PCI. 
The data driven on the Host bus changes in the sev- 
enth Host clock, since the LCPRF command has 
been driven on the HIG[3:0] lines the previous cycle, 
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latching a new value into the first location of the read 
prefetch buffer. At this point the data is not the cor- 
rect value, since TRDY # has not yet been asserted 
on PCI. The LCPRF command is driven again in the 
fifth PCI clock while TRDY # is sampled asserted at 
the end of this clock. The requested data for the 
read is then latched into the first location of the read 
prefetch buffer and driven onto the Host data bus, 
becoming valid at the end of the twelfth CPU clock. 
The BRDY # signal can therefore be driven asserted 
in this clock. The following read transaction (issued 
in CPU clock 15) requests the next Dword, and so 
the CPRA command is driven on the HIG[4:0] lines, 
advancing to read the next location in the read pre- 
fetch buffer. As the correct data is already there, the 
command is driven only once for this transaction. 
The next read transaction requests data in the same 
Dword as the previous. Therefore, the CPRA com- 
mand is driven again, the buffer is not advanced, 
and the same Dword is driven onto the Host bus. . 


a 5 , | 

intel. 

3.3.6 PIG[3:0]: END-OF-LINE WARNING 
SIGNAL: EOL 


When posting PCI master writes, the PCMC must be 
informed when the line boundary is about to be over- 
run, as it has no way of determining this itself (recall 
that the PCMC does not receive any address bits 
from PCl). The low order LBX determines this, as it 
contains the low order bits of the PCl master write 
address and also tracks how many Dwords of write 
data have been posted. Therefore, the low order 
LBX component sends the ‘“‘end-of-line”’ warning to 
the PCMC. This is accomplished with the EOL signal 
driven from the low order LBX to the PCMC. Figure 
3-6 illustrates the timing of this signal: 


1. The FRAME# signal is sampled asserted in the 
first clock. The LPMA command is driven on the 
PIG[3:0] signals to hold the address while it is 
being decoded (e.g., in the MEMCS# decode 
circuit of the 82378IB SIO). The first data (DO) 
remains on the bus until TRDY# is asserted in 

_ response to MEMCS # being sampled asserted 
in the third clock. 


2. The PPMWA command is driven in response to 
sampling MEMCS# asserted. TRDY # is assert- 
ed in this cycle indicating that DO has been 
latched at the end of the fourth clock. The action 
of the PPMWA command is to transfer the PCI 
address captured in-the PCI AD latch at the end 
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of the first clock to the posting buffer, and open 
the PCI AD latch in order to capture the data. 
This data will be posted to the write buffer in the 
following cycle by the PPMWD command. 


. The EOL signal is first negated when the LPMA 


command is driven on the PIG[3:0] signals. How- 
ever, if the first data Dword accepted is also the 
last that should be accepted, the EOL signal will 
be asserted in the third clock. This is the “end-of- 
line” indication. In this case, the EOL signal is 
asserted as soon as the LPMA command has 
been latched. The action by the PCMC in re- 
sponse is to deassert TRDY# and assert 
STOP # in the fifth clock. Note that the EOL sig- 
nal is asserted even before the MEMCS# signal 
is sampled asserted in this case. The EOL signal 
will remain asserted until the next time the LPMA 
command is driven. 


. If the second Dword is the last that should be 


accepted, the EOL signal will be asserted in the 
fifth clock to deassert TRDY# and assert 
STOP # on the following clock. The EOL signal is 
asserted in response to the PPMWA command 
being sampled, and relies on the knowledge that 
TRDY # for the first Dword of data will be sam- 
pled asserted by the master in the same cycle (at 
the end of the fourth clock). Therefore, to prevent 
a third assertion of TRDY # in the sixth clock, the 
EOL signal must be asserted in the fifth clock. 


| | | 
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AD[31:0] 
FRAME# | 
MEMCS# 
DEVSEL# | 

TRDY# | 


PIG[3:0] | 


STOP# |. 


(4) 


PPMWD (D0) 


290478-9 


Figure 3-6. EOL Signal Timing for PCI Master Writes 
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A similar sequence is defined for PC! Master Reads. 
While it is possible to know when to stop driving read 
data due to the fact that the read address is latched 
into the PCMC before any reaa data is driven on PCI, 


intel. 


the use of the EOL signal for PCI master reads sim- 
plifies the logic internal to the PCMC. The following 
diagram illustrates the timing of EOL with respect to 
the PIG[3:0] commands to drive out PCI read data: 


| 
FRAME# 


MEMCS# | | | 


| | | | | 
DEVSEL# | | | | \ | | 3 | bach | 
TRDY# . ave Gs, (2) / , 
| | 
{_LPMA(1) 


290478-10 


Figure 3-7. EOL Signal Timing for PCI Master Reads 


Note that unlike the PCI master write sequence, the 
STOP # signal is asserted with the last data transfer, 
not after. 


1. The LPMA command sampled at the end of the 
second clock causes the EOL signal to assert if 
there is only one Dword left in the line, otherwise 
it will be negated. The first TRDY # will also be 
the last, and the STOP# signal will be asserted 
with TRDY #. 


2. The SPMRH command causes the count of the 
number of Dwords left in the line to be decre- 
mented. If this count reaches one, the EOL signal 
is asserted. The next TRDY # will be the last, and 
STOP # is asserted with TRDY #. 
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3.4 PLL Loop Filter Components 


As shown in Figure 3-8, loop filter components are 
required on the LBX components. A 6.8 KN. 5% re- 
sistor is connected between pins LP1 and LP2. Pin 
LP2 has a path to the PLLAGND pin through a 1009 
5% series resistor and a 0.01 wF 10% series capaci- 
tor. 


Some circuit boards may require filtering the power 
circuit to the LBX PLL. The circuit shown in Figure 
3-8 will typically enable the LBX PLL to have higher 
noise immunity than without. Pin PLLVpp is connect- 
ed to Vcc through a 10 wH 10% inductor. The 
PLLVpp and PLLVss pins are bypassed with a 
0.01 uF 10% series capacitor. 


82433LX 


R1 = 6.8KQ 
R2 = 1000 
C2 = 0.01pF 


L1 = 10uH 
C1 =0.01pF 


290478-11 


Figure 3-8. Loop Filter Circuit 


3.5 PCI Clock Considerations 


' There is a 1.25 ns clock skew specification between 
the PCMC and the LBX that must be adhered to for 
proper operation of the PCMC/LBX timing. As 
shown in Figure 3-9 below, the PCMC drives 
PCLKOUT to an external clock driver which supplies 
copies of PCLK to PCI devices, the LBXs, and back 


CLOCK 
DRIVER 


PCLKOUT 


PCLKIN 


to the PCMC. The skew specification is defined as 
the difference in timing between the signal that ap- 
pears at the PCMC PCLKIN input pin and the signal 
that appears at the LBX PCLK input pin. For both the 
low order LBX and the high order LBX, the PCLK 
rising and falling edges must not be more than 1.25 
ns apart from the rising and falling edge of the 


PCMC PCLKIN signal. 
LBX 
PCLK 
BX 


TO PCI 
DEVICES 


L 
PCLK 


290478-24 


Figure 3-9. PCI Clock Circuit of PCMC and LBX 
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4.00 ELECTRICAL 
CHARACTERISTICS 


4.1 Absolute Maximum Ratings 


Table 4-1 lists stress ratings only. Functional opera- 
tion at these maximums is not guaranteed. Function- 
al operation conditions are given in Sections 4.2 and 
4.3. 


Extended exposure to the Absolute Maximum Rat- 
ings may affect device reliability. 


Case Temperature under Bias ....... 0°C to + 85°C 
Storage Temperature .......... — 40°C to + 125°C 


Voltage on Any Pin 


with Respect to Ground ...—0.3V to Voc + 0.3V 


Supply Voltage 
with Respect to Vss ........... —0.3V to + 7.0V 
Maximum Power Dissipation ................ 1.4W 


4.2 Thermal Characteristics 


The LBX is designed for operation at case tempera- 
tures between 0°C and +85°C. The thermal resist- 
ances of the package are given in the following ta- 
bles. 


Table 4-1. Thermal Resistance Table 


Air Flow Rate 
Parameter (Linear Feet per Minute) 


To | 400 | 600 
Teaco | so | ors | ose 
apt fs wel 
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*WARNING: Stressing the device beyond the “‘Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. | 


4.3 D.C. Characteristics 


Host Interface Signals : 
A[15:0](t/s), D[31:0](t/s), HIG[4:0](t/s), HP[3:0] (in) 


Main Memory (DRAM) Interface Signals 
MD[31:0](t/s), MP[3:0](t/s); MIG[2:0] (in), MDLE(in) 


PCI Interface Signals 
AD[15:0](t/s), TRDY # (in), PIG[3:0] (in), DRVPCI(in), 
EOL(t/s), PPOUT(t/s) 


Reset and Clock Signals 
HCLK(in), PCLK(in), RESET(in), LP1(out), LP2(in), 
TEST(in) 
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Table 4-2. LBX D.C. Characteristics 
Functional Operating Range: Vcc = 5V +5%; Tc = O0°C to + 85°C 


[Symbol a 

Tvs | tpt ow Votags | 08 

vast | trout igh Vonage | 20 aes 
[viz | trout Low Votage | -038 eee 
Tvou1 | Ouputtowvotage [| 
[Vor | Ouputlowvotage | 
out | Ouputtow Gurent | 
Move | OuputLow Gurent 
love | Outout igh Curent [2 
tous | Output Low Gurent | 
Mow | Wout Leakage Curent | 
Fin. | trout Leakage Curent | 
Tow | treutCapeotance | 
our | OuputCapactance [| 
Gyo | vOCapactancs | 


NOTES: 

1. Vi_y and Vip apply to the following signals: AD[15:0], A[15:0], D[31:0], HP[3:0], MD[31:0], MP[3:0], TRDY#, RESET, 
HCLK, PCLK. 

. Vitg and Vio apply to the following signals: HIG[4:0], PIG[3:0], MIG[2:0], MDLE, DRVPCI. 

. Voi1 and Von: apply to the following signals: AD[15:0], A[15:0], D[31:0], HP[3:0], MD[31:0], MP[3:0]. 

. VoLt2 and Voue apply to the following signals: PPOUT, EOL. 

. lots and lox; apply to the following signals: PPOUT, EOL. 

. love and lope apply to the following signals: AD[15:0]. 

. lorg and long apply to the following signals: A[15:0], D[31:0], HP[3:0], MD[31:0], MP[3:0]. 


NOOO OP 


4.3.1 A.C. CHARACTERISTICS In Figures 4-1 through 4-9, V7 = 1.5V for the follow- 
ing signals: MD[31:0], MP[3:0], D[31:0], HP[3:0], 

The A.C. specifications given in this section consist A[15:0], AD[15:0], TRDY #, HCLK, PCLK, RESET, 

of propagation delays, valid delays, input setup re- TEST. 

quirements, input hold requirements; output float de- | 

lays, output enable delays, clock high and low times Vr = 2.5V for the following signals: HIG[4:0], 

and clock period specifications. Figures 4-1 through PIG[3:0], MIG[2:0], MDLE, DRVPCI, PPOUT, EOL. 

4-9 define these specifications. Sections 4.3.1 

through 4.3.3 list the A.C. Specifications. 
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4.3.2 HOST AND PCI CLOCK TIMING, 66 MHz 
Functional Operating Range: Voc = 4.9V-5.25V; Tc = 0°C to +70°C 


Cl a 
r 
[ria [ WOLKRiee Time 
[it [ HoLKPerod Sabity 
rae | POLK Pen 
Tab | PUK High 
: 
Tad | PCLKRise 
crs 


NOTE: 


1. Measured on rising edge of adjacent clocks at 1.5V. 


N“N 
Le] 


4.3.3 COMMAND TIMING, 66 MHz 
Functional Operating Range: Vcc = 4.9V-5.25V; To = 0°C to + 70°C 


Toymbot[ Parameter 
[toa | HiGIA%0] Setup Time io HOLK Risng 
Pitab | HIGT&0] Hold Time rom HGLK Rising 


—" 
on oa) 
o ts 


PIG[3:0] Setup Time to PCLK Rising 
PIG[3:0] Hold Time from PCLK Rising 


| 


| t15b | RESET Hold Time from HCLK Rising 


O1 
“J 
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4.3.4 ADDRESS, DATA, TRDY#, EOL, TEST, TSCON AND PARITY TIMING, 66 MHz 
Functional Operating Range: Vcc = 4.9V-5.25V; Tc = 0°C to + 70°C 


[smbot[eramater | 
[aoa | ADISG] Output Enable Delay trom POLK Rising =| 
a 
me 


Figures | Notes 


[20d | ADS] Hold Time fom POLKRising ———~SSSSid 
Tao | ADL} Float Delay rom DAVPCIFaling ———~«dt a] 10 
ad 


TRDY # Setup Time to PCLK Rising Regt be a 
TRDY # Hold Time from PCLK Rising ie ey 
D[31:0], HP[3:0] Output Enable Delay fromHCLK Rising | 0 | 7.7 | 


ie) 


[aea | HAI1So] Output Enable Delay romHCLK Rising [0 
Pash | HAS] Foet Delay fom CLK Rising —_—SC*d 18 
Fasc | HALISO] Vaid Delay romHGLK sng ——~—~—=dt—o 
Tascc | HAL1S0] Vaid Delay romHGLK sng ———~—S=dt—o 


D[31:0], HP[3:0] Float Delay from HCLK Rising Y a. | ABB 
D[31:0], HP[3:0] Float Delay from MDLE Rising aes 
D[31:0], HP[3:0] Valid Delay from HCLK Rising Eee se 


£ 


Fast | HAI16:01 Hold Time om HGLK Rising ——~—S=*dtC 
Fase | MOIG4o, MPI Vaid Delay tom HGLKRsng | 0 
[2s | EOL, PPOUT Vals Delay rom PCL Rising —_———~«dtC a 
Taea | Al Outputs Fiat Delay from TSCON Faling ———+|_0 
Tash | Al Outputs Enable Delay rom TSCON ising __——+| 0 


NOTES: 

Min: 0 pF, Max: 50 pF. 

O pF. 

. When NOPC command sampled on previous rising HCLK on HIG[4:0]. 
. CPU to PCI Transfers. 

When ADCPY command is sampled on HIG[4:0]. 

50 pF. 

. When DACPYL or DACPYH command is sampled on HIG[4:0]. 

. Inquire cycle. 


4 
4 
4-4 


4. 
4- 
4- 
7 
4- 
4- 
4- 
4- 
di 
4. 
4- 
4- 
4- 
4- 
4- 


ONOHARONH 
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4.3.5 HOST AND PCI CLOCK TIMING, 60 MHz 
Functional Operating Range: Voc = 5V +5%; To = 0°C to +85°C 


HCLK Period 
HCLK High Time wo 


[symbol [ win 
| as | 
te | Waki tine 
[id | HouKReeTme Sid 
io }] Meeting a 
[it | woukPerodstabity ———SSSC~dS 
a 
| = 
fad | Peake 6 
SES! 
: 


PCLK Fall Time 
/t3 | HCLK to PCLK Skew 


NOTE: 
1. Measured on rising edge of adjacent clocks at 1.5V. 


PCLK High Time 


4.3.6 COMMAND TIMING, 60 MHz 
Functional Operating Range: Vcc = 5V +5%; Tc = O0°C to + 85°C 


Symbol 
HIG[4:0] Setup Time to HCLK Rising 
HIG[4:0] Hold Time from HCLK Rising 


Max | Figures | Notes 
4-3 


—s 
Oo 
2) 


t13b | MDLE Hold Time to HCLK Rising 
DRVPCI Setup Time to PCLK Rising | 
DRVPCI Hold Time from PCLK Rising 


RESET Setup Time to HCLK Rising ; 
RESET Hold Time from HCLK Rising } 


MDLE Setup Time to HCLK Rising 


om mee) Ni 
| + 2) 
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ABT ADDRESS, DATA, TRDY#, EOL, TEST, TSCON AND PARITY TIMING, 60 MH 
Functional Operating Range: Vcc = 5V +5%; Tc = 0°C to + 85°C | 


AD[15:0] Output Enable Delay from PCLK Rising 


t20b AD[15:0] Valid Delay from PCLK Rising 
t20c AD[15:0] Setup Time to PCLK Rising | 


i ; 


Figures 


t20a 


cn 


4-2 


—_ 


” 
do 


NSN cock mk 
ie) i) am 
~ 
(dé) 


Oo} 
—— 
on N 
Ne) co 


t23a HA[15:0] Output Enable Delay from HCLK Rising 
HA[15:0] Float Delay from HCLK Rising 
t23c HA[15:0] Valid Delay from HCLK Rising 


. 4-4 
18.5 4-2 


=k 
ol 


as: 
on 
or 


ail 
on 
=) 


BSS 
ne 
= 
i.e) 


_ 
do 


\ 
> 
ie) 


IN ° 
ph Go 
— 

Nm 
° 
nh 


t22f D[31:0],HP[3:0] Setup Time to HCLK Rising 
t22g D[31:0], HP[3:0] Hold Time from HCLK Rising 


—_ 
=) 


G 


ee’: 


= 
Nh 
nN 


t24c MD[31:0], MP[3:0] Hold Time from HCLK Rising 
EOL, PPOUT Valid Delay from PCLK Rising 2. 
t26a ‘All Outputs Float Delay from TSCON Falling 

All Outputs Enable Delay from TSCON Rising 
NOTES: 


. Min: 0 pF, Max: 50 pF. 

O pF. 

. When NOPC command sampled on previous rising HCLK on HIG[4:0]. 
CPU to PCI Transfers. 

When ADCPY command is sampled on HIG[4:0]. 

50 pF. 

. When DACPYL or DACPYH command is sampled on HIGH[4:0]. 

. Inquire cycle. 


G) | 
ale 
abs 
a; 


ONOAAWN— 
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4.3.8 TEST TIMING 
Functional Operating Range: Vcc = 5V +5%; Tc = 0°C to +85°C 


|Symbol | Parameter | Min 


All Test Signals Setup Time to HCLK/PCLK 10.0 
Rising 
ae All Test Signals Hold Time to HCLK/PCLK Rising ae 


Figures | ___ Notes 
In PLL Bypass 
Mode 
In PLL Bypass 
Mode 


(133. | TEST Hold Time to HCLK/PCLK Rising 


wed PPOUT Valid Delay from PCLK Rising Bene 


130 

131 

132 TEST Setup Time to HCLK/PCLK Rising | 15.0 
133 i 

134 


In PLL Bypass 
Mode 
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4.3.9 TIMING DIAGRAMS 


Input VT 


Propagation Delay 
Output awk 


Figure 4-1. Propagation Delay 


290478-12 


Output 


290478-13 


Figure 4-2. Valid Delay from Rising Clock Edge 


1.5V 


Setup Time | Hold Time 
a a 


290478-14 


Figure 4-3. Setup and Hold Times 
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VT 


Float Delay 


290478-15 


Figure 4-4. Float Delay 


1.5V 


Output Enable Delay 


Output 


290478-16 


Figure 4-5. Output Enable Delay 


High Time 


Low Time 


?\———_Period- ————__> 


290478-17 


Figure 4-6. Clock High and Low Times and Period 
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——| |< Fall Time 


->)| |<¢ Rise Time 
290478-18 


Figure 4-7. Clock Rise and Fall Times 


<—Pulse Width—p> 


290478-19 


Figure 4-8. Pulse Width 


Output1 


<+—______»> 
utput to Output Delay 


Output2 


290478-20 


Figure 4-9. Output to Output Delay 
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5.0 PINOUT AND PACKAGE INFORMATION 


5.1 Pin Assignment 


Or NOTMOOR OD 
SKNOTMOORODOr rer rrerrrrr 
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Figure 5-1. Pin Assignment 
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Table 5-1. LBX Numerical Pin Assignment List 


a| 3 a! 
>|> dans 
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a 
OQ 


Table 5-1. LBX Numerical Pin Assignment List (Continued) 


a 
fa D 
> > 


MD18 
MD11 
MD27 
MD19 
MD12 
Vss 
MD13 
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Table 5- 
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® 
E i le N = +/+ ro) = 


mo; wo 
- se ff ws Ss 
Ar _ 
ra) e) 
= => 
ba = > ae 
N ™ | © 
> ig 5 = 
a10 a 
8 Be 8 ieee = 


114 


MD24 
MD27 
MIGO 
MIG2 


Table 5-2. LBX i Pin sin List Sy ae 


13 
D14 
D15 

MD1 
MD21 
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ULTRA 
Pin 1 


SSAA 


ek 


290478-22 


Table 5-3. Package Information Values 6.0 TESTABILITY 


6.1 Tri-State Control 


The TSCON pin may be used to help test circuits 
surrounding the LBX. During normal operations, the 
TSCON pin must be tied to Vcc or connected to Voc 
through a pullup resistor. All LBX outputs are tri-stat- 
ed when the TSCON pin is held low or grounded. 


6.2 NAND Tree 


A NAND tree is provided in the LBX for Automated 
Test Equipment (ATE) board level testing. The 
NAND tree allows the tester to set the connectivity 
of each of the LBX signal pins. 
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The following steps must be taken to put the LBX 
into PLL bypass mode and enable the NAND tree. 
First, to enable PLL bypass mode, drive RESET in- 
active, TEST active and the DCPWA command 
(0100) on the PIG[3:0] lines, then drive PCLK from 
low to high. DRVPCI must be held low on all rising 
edges of PCLK during testing in order to ensure that 
the LBX does not drive the AD[15:0] lines. The host 
and memory buses are tri-stated by driving NOPM 
(000) and NOPC (00000) on the MIG[2:0] and 
HIG[4:0] lines and driving two rising edges on 
HCLK. 


intel. 


A rising edge on PCLK with RESET high will cause 
the LBXs to exit PLL bypass mode. TEST must re- 
main high throughout the use of the NAND tree. The 
combination of TEST and DRVPCI high with a rising 
edge of PCLK must be avoided. TSCON must be 
driven high throughout testing since driving it low 
would tri-state the output of the NAND tree. A 10 ns 
hold time is required on all inputs sampled by PCLK 
or HCLK when in PLL bypass mode. 


6.2.1 TEST VECTOR TABLE 
The following test vectors can be applied to the LBX 


to put it into PLL bypass mode and to enable NAND 
Tree testing. 


Table 6-1. Test Vectors to put LBX into PLL Bypass and Enable NAND Tree Testing 
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6.2.2 NAND TREE TABLE are driven into an inverter before going into the 
NAND tree. The output of the NAND tree is driven 

Table 6-2 shows the sequence of the NAND tree in on the PPOUT pin. 

the LBX. Non-inverting inputs are driven directly into 

the input of a NAND gate in the tree. Inverting inputs 


Table 6-2. NAND Tree Sequence 


Order | Pin# | Signal | Non-Inverting 
Piet ie ee 2 em ee Lar ee 
A7 


Order Signal 


= 
oak 
© 


— 
—s 


w 
2 


NO 


D14 
12 
D11 


O 


0 


ie) 


24 


— 
Go 
N 
O 
i) 
s~J 


DARE 
a 


oO 
— 
Uv 
oak 
Nn 
i 


mls 
(o>) 


—"s 
~ 
ae 
© 


57 


an 
© 


ine) 
i 


HIGO 
HIG1 
HIG2 
HIG3 
HIG4 
MIGO 
MIG1 
MIG2 


nN 


HP3 


BS 
& 


ie) 
& 
oO 


Ae edly 


aA 


p 


ie) 
N 
a a 
NO 


D17 
9 


aS 
© 


67 


© 
=k 
B.S 
io) 


x 


ie) 


4 
Ai2 


~“ 
=) 


71 MD24 


N 


me (cs ee ae re ee ee ee ee ee eee a ee 
_ ie) NIL OO] oO — N aS 


> 


ae 
o> | © 


NTN 
G | M 


A10 
3 


™N 
aN 


ee) 
> 
on 


aN 
N 


> 
rs 
163) 
sJ 
™S 
o>) 
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A 
A 


oc ee eae eee 
re [oo [oN 
[ee | taove | y 


<e) 


ae) 


fg 


BN 
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1 


> 
ro) 
o>) 
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> 
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3 A15 


—_ 


: 1-55 


82433LX 


Table 6-2. NAND Tree epeence (Continued 


) 

[Sina 
s_| p05 
[108 
rc 
foe 

D15 

+ [ries 
=| pe 
| oo 
= [or 
| wo 
Sa 
ac 
[os 
aS 
Po 
7 [ows 
so 
o [oe 


Dt i ll ee ee 


oO}; @® S So a erirls= Seleirei! = 
= bo = = =] = Trl el el = 

~ Ol; ri NIE Ol as wo] Oo; nm] O| ~ | @ 

i<e) a a A a a OD Oo; © 
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7.0 REVISION HISTORY 


The following list represents the key differences between version 001 and version 002 of the 82433LX Local 
Bus Accelerator (LBX) Data Sheet. 


Section 2.1 
Section 2.2 


Section 2.4 
Section 3.3.2 


Section 4.3 


Section 6.0 


Notes added to indicate that the D[31:0] and HP[3:0] lines contain internal pull-up resistors. 


Notes added to indicate that the MD[31:0] and MP[3:0] lines contain internal pull-up resis- 
tors. 


MDLE pin discription has been rewritten. 


Figure 3.2 and the discussion on MDLE functionality has been modified to reflect the synchro- 
nous path from the memory data bus to the host data bus. 


The AC Specifications have been separated for 60 MHz and 66 MHz operation. Several 
changes have been made to AC Specifications. Test timings have been added for operation 
in PLL bypass mode. The 66 MHz AC Specifications have a different Functional Operating 
Range than the 60 MHz AC Specifications. For 66 MHz operation, Vcc ranges between 4.9V 
and 5.45V and the maximum case temperature is 70°C. 


This section has been split into Sections 6.1 and 6.2. Section 6.1 describes the Tri-State 
Control function. Section 6.2 is entirely new and describes the details of the NAND Tree in the 
LBX. 


1-57 


intel. 
| 82434LX 
PCI, CACHE, AND MEMORY CONTROLLER (PCMC) 


@ Supports the Full 64-Bit Pentium™ m Integrated DRAM Controller 
Processor at 60 MHz and 66 MHz — Supports 2 MByte to 192 MByte of 


a , Cacheable Main Memory 
m Supports Pipelined Addressing ; 
Capability of the Pentium Processor — Supports DRAM Access Times of 
70 ns and 60 ns 


m@ High Performance CPU/PCI/Memory — CPU Writes Posted to DRAM at 

Interfaces Via Posted-Write/ Feng: 4-1-1-1 

Prefetch Buffers — Refresh Cycles Decoupled from ISA 
m Fully Synchronous 33 MHz PCI Bus Refresh to Reduce the DRAM 

Interface with Full Bus Master Access Latency 

Capability — Refresh by RAS#-Only, or CAS#- 

; | Before-RAS#, in Single or Burst of 

@ Supports the Pentium Processor Four 


Primary Cache in either Write-Through ' 
or Write-Back Mode m@ Host/PCl Bridge 


@ Programmable Attribute Map of DOS — Translates CPU Cycles into PCI Bus 


; Cycles 
ane IS HAGIONS Tor system — Translates Back-To-Back Sequential 
Saisie CPU Memory Writes into PCI Burst 
@ Integrated Low Skew Clock Driver for Cycles 
Distributing Host Clock — Burst Mode Writes to PCI in Zero PCi 
m Integrated Second Level Cache ae (i.e. data transfer every 
Controller 
— Integrated Cache Tag RAM — Seep ane ines Boom a opihter: 
— Write-Through and Write-Back Cache itd 
Modes Transactions 
— Direct-Mapped Organization — Full Concurrency between CPU-to- 
— Supports Standard and Burst SRAMs se ila pale psi Hae and PCI-to-Main 
= 258 KByte and 512 KByte Sizes _Same Gore Cache and Memory 
— Cache Hit Cycle of 3-1-1-1 on Reads . 
and Writes Using Burst SRAMs patel eg Design for ISA or EISA 
i ef eee) a Wee, ewe saa i — Cache Snoop Filter Ensures Data 
Standard SRAMs Consistency for PCI-to-Main Memory 
Transactions 
m@ PCMC (208-Pin QFP Package) uses 5V 
CMOS Technology 


The 82434LX PCI, Cache, Memory Controller (PCMC) integrates the cache and main memory DRAM control 
functions and provides the bus control for transfers between the CPU, cache, main memory, and the Peripher- 
al Component Interconnect (PCI) Bus. The cache controller supports both write-through and write-back cache 
policies and cache sizes of 256 KBytes and 512 KBytes. The cache memory can be implemented with either 
standard or burst SRAMs. The PCMC cache controller integrates a high-performance Tag RAM to reduce 
system cost. Up to twelve single-sided SIMMs or six double-sided SIMMs provide a maximum of 192 MBytes 
of main memory. The PCMC is intended to be used with the 82433LX Local Bus Accelerator (LBX). The LBX 
provides the Host-to-PCl address path and data paths between the CPU/cache, main memory, and PCI. The 
LBX also contains posted write buffers and read-prefetch buffers. Together, these two components provide a 
full function data path to main memory and form a PCI bridge to the CPU/cache and DRAM subsystem. 


Pentium™ is a trademark of Intel Corporation. 
*Other brands and names are the property of their respective owners. 
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1.0 ARCHITECTURAL OVERVIEW 


This section provides an 82430 PCliset system over- 
view that includes a description of the bus hierarchy 
and bridges between the buses. An overview of the 
PCMC follows the system overview section. 


1.1 System Overview 


The 82430 PClset provides the Host/PCl bridge, 
cache and main memory controller, and an I/O sub- 
system core (either PCI/EISA or PCI/ISA bridge) for 
the next generation of high-performance personal 
computers based on the Pentium microprocessor. 
System designers can take advantage of the power 
of the PCI (Peripheral Component Interconnect) lo- 
cal bus while maintaining access to the large base of 
EISA and ISA expansion cards. Extensive buffering 
and buffer management within the bridges ensures 
maximum efficiency in all three buses (Host CPU, 
PCl, and EISA/ISA Buses). 


The 82430 PClset consists of the PCMC and LBX 
components plus either a PCI/ISA bridge or a PCI/ 
EISA bridge. The PCMC and LBX provide the core 
cache and main memory architecture and serves as 
the Host/PCI bridge. For an ISA-based system, the 
82430 PClset includes the System I/O (82378IB 
SIO) component (Figure 1-1) as. the PCI/ISA bridge. 
For an EISA-based system, the 82430 PCliset in- 
cludes the PCI-EISA bridge (82375EB PCEB) and 
the EISA System Component (82374EB ESC). The 
PCEB and ESC work in tandem to form the com- 
plete PCI/EISA bridge. The EISA-based system is 
shown in Figure 1-2. 


1.1.1 BUS HIERARCHY—CONCURRENT 
OPERATIONS 


Systems based on the 82430 PClset contain three 
levels of buses structured in the following hierarchy: 
e Host Bus as the execution bus 

e PCI Bus as a primary |/O bus 

e ISA or EISA Bus as a secondary !/O bus 
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This bus hierarchy allows concurrency for simulta- 
neous operations on all three buses. Data buffering 
permits concurrency for operations that cross over 
into another bus. For example, the Pentium micro- 
processor could post data destined to the PCI in the 
LBX. This permits the Host transaction to complete 
in minimum time, freeing up the Host Bus for further 
transactions. The Pentium microprocessor does not 
have to wait for the transfer to complete to its final 
destination. Meanwhile, any ongoing PCI Bus trans- 
actions are permitted to complete. The posted data 
is then transferred to the PCI Bus when the PCI Bus 
is available. The LBX implements extensive buffer- 
ing for Host-to-PCl, Host-to-main memory, and PCI- 
to-main memory transactions. In addition, the 
PCEB/ESC chip set and the SIO implement exten- 
sive buffering for transfers between the PCI Bus and 
the EISA and ISA Buses, respectively. 


Host Bus 

Designed to meet the needs of high-performance 
computing, the host bus features: 

e 64-bit data path 

e 32-bit address bus with address pipelining 

e Synchronous frequencies of 60 MHz and 66 MHz 
e¢ Burst read and write transfers 

e Support for first level and second level caches 


e Capable of full concurrency with the PCI and 
memory subsystems 


e Byte data parity 


e Full support for Pentium processor machine 
check and DOS compatible parity reporting 


e Support for Pentium processor System Manage- 
ment Mode (SMM) 
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Host Bus 


ISA Bus 
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PCI Device(s) 
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Figure 1-1. Block Diagram of a 82430 PCiset ISA System 


PCI Bus 


The PCI Bus is designed to address the growing in- 
dustry needs for a standardized /oca/ bus that is not 
directly dependent on the speed and the size of the 
processor bus. New generations of personal com- 
puter system software such as Windows and 
Win-NT with sophisticated graphical interfaces, mul- 
ti-tasking, and multi-threading bring new require- 
ments that traditional PC !/O architectures cannot 
satisfy. In addition to the higher bandwidth, reliability 
and robustness of the |1/O subsystem are becoming 
increasingly important. PC! addresses these needs 
and provides a future upgrade path. PCI features in- 
clude: 


e Processor independent 
@ Multiplexed, burst mode operation 
e Synchronous at frequencies up to 33 MHz 


e 120 MByte/sec usable throughput (132 MByte/ 
sec peak) for a 32-bit data path 


e Low latency random access (60 ns write access 
latency to slave registers from a master parked 
on the bus) 


¢ Capable of full concurrency with the processor/ 
memory subsystem 


e Full multi-master capability allowing any PCI mas- 
ter peer-to-peer access to any PCI slave 


e Hidden (overlapped) central arbitration 


e Low pin count for cost effective component pack- 
aging (multiplexed address/data) 


e Address and data parity 


e Three physical address spaces: memory, |/O, 
and configuration 


e Comprehensive support for autoconfiguration 
through a defined set of standard configuration 
functions. 
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Figure 1-2. Block Diagram of the 82430 PCiset EISA System 


ISA Bus 


Figure 1-1 represents a system using the ISA Bus as 
the second level I/O bus. It allows personal comput- 
er platforms built around the PCI as a primary |/O 
bus to leverage the large ISA product base. The ISA 
Bus has 24-bit addressing and a 16-bit data path. 


EISA Bus 


Figure 1-2 represents a system using the EISA Bus 
as the second level |/O bus. It allows personal com- 
puter platforms built around the PCI as a primary I/O 
bus to leverage the large EISA/ISA product base. 
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Combinations of PCi and EISA buses, both of which 
can be used to provide expansion functions, will sat- 
isfy even the most demanding applications. 


Along with compatibility for 16-bit and 8-bit ISA hard- 
ware and software, the EISA bus provides the fol- 
lowing key features: 


e 32-bit addressing and 32-bit data path 
e 33 MByte/sec bus bandwidth 


¢ Multiple bus master support through efficient arbi- 
tration 


¢ Support for autoconfiguration 


intel. 


1.1.2 BUS BRIDGES 


Host/PCi Bridge Chip Set (PCMC and LBX). The 
PCMC and LBX enhance the system performance 
by allowing for concurrency between the Host CPU 
Bus and PCI Bus, giving each greater bus through- 
put and decreased bus latency. The LBX contains 
posted write buffers for Host-to-PCl, Host-to-main 
memory, and PCl-to-main memory transfers. The 
LBX also contains read prefetch buffers for Host 
reads of PCI, and PCI reads of main memory. There 
are two LBXs per system. The LBXs are controlled 
by commands from the PCMC. The PCMC/LBX 
Host/PCI bridge chip set is covered in more detail in 
Section 1.2, PCMC Overview. 


PCI-EISA Bridge Chip Set (PCEB and ESC): The 
PCEB provides the master/slave functions on both 
the PCI Bus and the EISA Bus. Functioning as a 
bridge between the PCI and EISA buses, the PCEB 
provides the address and data paths, bus controls, 
and bus protocol translation for PCI-to-EISA and 
EISA-to-PCl transfers. Extensive data buffering in 
both directions increase system performance by 
maximizing PCI and EISA Bus efficiency and allow- 
ing concurrency on the two buses. The PCEB’s buff- 
er management mechanism ensures data coheren- 
cy. The PCEB integrates central bus control 
functions including a programmable bus arbiter for 
the PCl Bus and EISA data swap buffers for the 
EISA Bus. Integrated system functions include PCI 
parity generation, system error reporting, and pro- 
grammable PCI and EISA memory and |/O address 
space mapping and decoding. The PCEB also con- 
tains a BIOS Timer that can be used to implement 
timing loops. The PCEB is intended to be used with 
the ESC to provide an EISA |/O subsystem inter- 
face. 


The ESC integrates the common |/O functions 
found in today’s EISA-based PCs. The ESC incorpo- 
rates the logic for an EISA Bus controller, enhanced 
seven channel DMA controller with scatter-gather 
support, EISA arbitration, 14 level interrupt control- 
ler, five programmable timer/counters, and non- 
maskable-interrupt (NMI) control. The ESC also 
integrates support logic to decode peripheral devic- 
es (e.g., the flash BIOS, real time clock, keyboard/ 
mouse controller, floppy controller, two serial ports, 
one parallel port, and IDE hard disk drive). 


PCI/ISA Bridge (SIO): The SIO component pro- 
vides the bridge between the PCI Bus and the ISA 
Bus. The SIO also integrates many of the common 
1/O functions found in today’s ISA-based PCs. The 
SIO incorporates the logic for a PCI interface (mas- 
ter and slave), ISA interface (master and slave), en- 
hanced seven channel DMA controller that supports 
fast DMA transfers and scatter-gather, data buffers 
to isolate the PCI Bus from the ISA Bus and 
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to enhance performance, PCI and ISA arbitration, 14 
level interrupt controller, a 16-bit BIOS timer, three 
programmable timer/counters, and non-maskable- 
interrupt (NMI) control logic. The SIO also provides 
decode for peripheral devices (e.g., the flash BIOS, 
real time clock, keyboard/mouse controller, floppy 
controller, two serial ports, one parallel port, and IDE 
hard disk drive). 


1.2 PCMC Overview 


The PCMC (along with the LBX) provides three basic 
functions: a cache controller, a main memory DRAM 
controller, and a Host/PCl bridge. This section pro- 
vides an overview of these functions. Note that, in 
this document, operational descriptions assume that 
the PCMC and LBX components are used together. 


1.2.1 CACHE OPERATIONS 


The PCMC provides the control for a second level 
cache memory array implemented with either stan- 
dard asynchronous SRAMs or synchronous burst 
SRAMs. The data memory array is external to the 
PCMC and located on the Host address/data bus. 
Since the Pentium microprocessor contains an inter- 
nal cache, there can be two separate caches in a 
Host subsystem. The cache inside the Pentium mi- 
croprocessor is referred to as the first level cache 
(also called primary or L1 cache). A detailed descrip- 
tion of the first level cache is beyond the scope of 
this document. The PCMC cache control circuitry 
and associated external memory array is referred to 
as the second level cache (also called secondary or 
L2 cache). The second level cache is unified, mean- 
ing that both CPU data and instructions are stored in 
the cache. The PCMC supports both write-through 
and write-back caching policies. 


The optional second level cache memory array can 
be either 256 KBytes or 512 KBytes in size. The 
cache is direct-mapped and is organized as either 
8K or 16K cache lines of 32 bytes per line. 


In addition to the cache data RAM, the second level 
cache contains a 4K set of cache tags that are inter- 
nal to the PCMC. Each tag contains an address that 
is associated with the corresponding data sector (2 
lines for a 256 KByte cache and 4 lines for a 512 
KByte cache) and two status bits for each line in the 
sector. 


During a main memory read or write operation, the 
PCMC first searches the cache. If the addressed 
code or data is in the cache, the cycle is serviced by 
the cache. If the addressed code or data is not in the 
cache, the cycle is forwarded to main memory. 
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The PCMC second level cache can be configured 
for either a write-through or write-back caching poli- 
cies. For these two policies, the cache operation is 
determined by the CPU read or write cycle as fol- 
lows: 


Write cycle: If the caching policy is write-through 
and the write cycle hits in the cache, both the cache 
and main memory are updated. Upon a cache miss, 
only main memory is updated. A new cache line is 
not allocated on a write miss. 


If the caching policy is write-back and the write cycle 
hits in the cache, only the cache is updated; main 
memory is not affected. Upon a cache miss, only 
main memory is updated. A new cache line is not 
allocated on a write miss. 


256 KByte Cache 
Sector 


Line O Line 1 
| 


Cache Data 
RAM 


256 KBytes 


(External 
SRAMs) 


NOTES: 


ed 
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Read cycle: Upon a cache hit, the cache operation 
is the same for both write-through and write-back. In 


this case, data is transferred from the cache to the 
CPU. Main memory is not accessed. 


If the read cycle causes a cache miss, the line con- 
taining the requested data is transferred from the 
main memory to the cache and to the CPU. In the 
case of a write-back cache, if the cache line fill is to 
a sector containing one or more modified lines, the 
modified lines are written back to main memory and 
the new line is brought into the cache. For a modi- 
fied line write-back operation, the PCMC transfers 
the modified cache lines to main memory via a write 
buffer in the LBX. Before writing the last modified 
line from the write buffer to main memory, the PCMC 
updates the first and second level caches with the 
new line, allowing the CPU access to the requested 
data with minimum latency. 


512 KByte Cache 
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1. Cache tags contain an address tag and two status bits for each line in the associated sector. 
2. For the 256 KByte cache, A[17:6] select a particular tag and associated data sector. Host address line A5 selects a 


particular line within a sector. 


3. For a 512 KByte cache, A[18:7] selects a particular tag and associated data sector. Host address lines A[6:5] select 


a particular line within a sector. 


Figure 1-3. Second Level Cache Organization 
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1.2.1.1 Cache Consistency 


The snoop mechanism in the PCMC ensures data 
consistency between cache (both first level and sec- 
ond level) and main memory.: The PCMC monitors 
PCI master accesses to main memory and when 
needed, initiates an inquire (snoop) cycle to the first 
and second level caches. The snoop mechanism 
guarantees that consistent data is always delivered 
to both the host CPU and PCI masters. 


1.2.2 ADDRESS/DATA PATHS 


Address paths between the CPU/cache and PCI 
and data paths between the CPU/cache, PCI, and 
main memory are supplied by two LBX components. 
The LBX is a companion component to the PCMC. 
Together, they form a Host/PCl bridge. The PCMC 
(via the PCMC/LBxX interface signals), controls the 
address and data flow through the LBX’s. Refer to 
the LBX data sheet for more details on the address 
and data paths. 


Data is transferred to and from the PCMC internal 
registers via the PCMC address lines. When the 
Host CPU performs a write operation, the data is 
sent to the LBXs. When the PCMC decodes the cy- 
cle as an access to one of its internal registers, it 
asserts AHOLD to the CPU and instructs the LBX to 
copy the data onto the Host address lines. When the 
PCMC decodes a Host read as an access to a 
PCMC internal register, it asserts AHOLD to the 
CPU. The PCMC then places the register data on its 
address lines and instructs the LBX’s to copy the 
data on the Host address bus to the Host data bus. 
When the register data is on the Host data bus, the 
PCMC negates AHOLD and completes the cycle. 


1.2.2.1 Read/Write Buffers 


The LBX provides an interface for the CPU address 
and data buses, PCI Address/Data bus, and the 
main memory DRAM data bus. There are three post- 
ed write buffers and two read-prefetch buffers imple- 
mented in the LBXs to increase performance and to 
maximize concurrency. The buffers are: 


e CPU-to-Main Memory Posted Write Buffer 
(4 Qwords) 


© CPU-to-PCI Posted Write Buffer (4 Dwords) 
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e PCl-to-Main Memory Posted Write Buffer 
(2 x 4 Dwords) 


e PCl-to-Main Memory Read Prefetch Buffer (line 
buffer, 4 Qwords) 


¢ CPU-to-PCI Read Prefetch Buffer (4 Dword FIFO) 


Refer to the LBX data sheet for details on the opera- 
tion of these buffers. 


1.2.3 HOST/PCI BRIDGE OPERATIONS 


The PCMC permits the Host CPU to access devices 
on the PCI Bus. These accesses can be to PCI I/O 
space, PCl memory space, or PCI configuration 
space. 


As a PCI device, the PCMC can be either a master , 
initiating a PCI Bus operation or a target responding 
to a PCI Bus operation. The PCMC is a PCI Bus 
master for Host-to-PCl cycles and a target for PCI- 
to-main memory transfers. Note that the PCMC does 
not permit peripherals to be located on the Host 
Bus. CPU I/O cycles, other than to PCMC internal 
registers, are forwarded to the PC! Bus and PC/ Bus 
accesses to the Host Bus are not supported. 


When the CPU initiates a bus cycle to a PC/ device, 
the PCMC becomes a PCI Bus master and trans- 
lates the CPU cycle into the appropriate PCi Bus 
cycle. The Host/PClI Posted write buffer in the LBXs 
permits the CPU to complete CPU-to-PC! Dword 
memory writes in three CPU clocks (1 wait state), 
even if the PCI Bus is currently busy. The posted 
data is written to the PC! device when the PCI Bus is 
available. 


When a PCI Bus master initiates a main memory ac- 
cess, the PCMC (and LBXs) become the target of 
the PCI Bus cycle and responds to the read/write 
access. During PCl-to-main memory accesses, the 
PCMC automatically performs cache snoop opera- 
tions on the Host Bus, when needed, to maintain 
data consistency. 


As a PCI device, the PCMC contains all of the re- 
quired PCI configuration registers. The Host CPU 
reads and writes these registers as described in 
Section 3.0, Register Description. 
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1.2.4 DRAM MEMORY OPERATIONS 


The PCMC contains a DRAM controller that sup- 
ports CPU and PCI master accesses to main memo- 
ry. The PCMC DRAM interface supplies the control 
signals and address lines and the LBXs supply the 
data path. 


The memory array is 64-bits wide and ranges in size 
from 2 MBytes to 192 MBytes. The array can be 
implemented with either single-sided or double-sid- 
ed SIMMs. DRAM SIMM sizes of 256K x 36, 1M x 36 
and 4M x 36 are supported. DRAM parity is generat- 
ed for main memory writes and checked for memory 
reads. 


To provide optimum support for the various cache 
configurations, and the resultant mix of bus cycles, 
the system designer can select between 0-active 
RAS# and 1-active RAS# modes. These modes af- 
fect the behavior of the RAS # signal following either 
Host-to-main memory cycles or PCl-to-main memory 
cycles. 


The PCMC also provides programmable memory 


and cacheability attributes on 14 memory segments | 


of various sizes in the ISA compatibility range (512 
KByte to 1 MByte address range). Access rights to 
these memory segments from the PCI Bus are con- 
trolled by the expansion bus bridge. 


The PCMC permits a gap to be created in main 
memory within the 1 MByte to 16 MByte address 
range, accommodating ISA devices which are 
mapped into this range (e.g., ISA LAN card or an ISA 
frame buffer). 
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2.0 SIGNAL DESCRIPTIONS 


This section provides a detailed description of each 
signal. The signals are arranged in functional groups 
according to their associated interface. The states of 
all of the signals during hard reset are provided in 
Section 8.0, System Clocking and Reset. 


The “#” symbol at the end of a signal name indi- 
cates that the active, or asserted state occurs when 
the signal is at a low voltage level. When “#”’ is not 
present after the signal name, the signal is asserted 
when at the high voltage level. 


The terms assertion and negation are used exten- 
sively. This is done to avoid confusion when working 
with a mixture of ‘“‘active-low” and “active-high”’ sig- 
nals. The term assert, or assertion indicates that a 
signal is active, independent of whether that level is 
represented by a high or low voltage. The term ne- 
gate, or negation indicates that a signal is inactive. 


The following notations are used to describe the sig- 
nal type. 


in Input is a standard input-only signal. 
out Totem pole output is a standard active driv- 
er. 


o/d Open drain 


t/s Tri-State is a bi-directional, tri-state input/ 
output pin. 


Sustained tri-state is an active low tri-state 
signal owned and driven by one and only 
one agent at a time. The agent that drives a 
s/t/s pin low must drive it high for at least 
one clock before letting it float. A new agent 
can not start driving a s/t/s signal any soon- 
er than one clock after the previous owner 
tri-states it. An external pull-up is required to 
sustain the inactive state until another agent 
drives it and must be provided by the central 
resource. 
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| Signal_| Type Description 
A[31:28] provide hardware strapping options at powerup. For more details on strapping 


A[31:0] t/s | ADDRESS BUS: A[31:0] are the address lines of the Host Bus. A[31:3] are connected 
to the CPU A[31:3] lines and to the LBXs. A[2:0] are only connected to the LBXs. 
A[18:7] are connected to an external cache SRAM address latch. Along with the byte 
enable signals, the A[31:3] lines define the physical area of memory or I/O being 
accessed. 
During CPU cycles, the A[31:3] lines are inputs to the PCMC. They are used for address 
decoding and second level cache tag lookup sequences. Also during CPU cycles, 
A[2:0] are outputs and are generated from BE[7:0] #. 
During inquire cycles, A[31:5] are inputs from the LBXs to the CPU and the PCMC to 
snoop the first and the second level cache tags, respectively. In response to a Flush or 
Flush Acknowledge Special Cycle, the PCMC asserts AHOLD and drives the addresses 
options, refer to Section 8.0, System Clocking and Reset. 

BE[7:0] # BYTE ENABLES: The byte enables indicate which byte lanes on the CPU data bus 
carry valid data during the current bus cycle. In the case of cacheable reads, all 8 bytes 
of data are driven to the Pentium CPU, regardless of the state of the byte enables. The 
byte enable signals indicate the type of special cycle when M/IO# = D/C# = Oand 
W/R# = 1. During special cycles, only one byte enable is asserted by the CPU. The 
following table depicts the special cycle types and their byte enable encodings: 
Special Cycle Type Asserted Byte Enable 
Shutdown BEO# 
Flush BE1# 
Halt BE2# 


of the second level cache lines to be written back to main memory on A[18:7]. 

During CPU to PCI configuration cycles, the PCMC drives A[31:0] with the PCI 
Write Back BE3 # 

Flush Acknowledge BE4# 


configuration space address that is internally derived from the CPU physical I/O 
address. All PCMC internal configuration registers are accessed via A[31:0]. During 
CPU reads from PCMC internal configuration registers, the PCMC asserts AHOLD and 
drives the contents of the addressed register on A[31:0]. The PCMC then signals the 
LBXs to copy this value from the address lines onto the host data lines. During writes to 
PCMC internal configuration registers, the PCMC asserts AHOLD and signals the LBXs 
to copy the write data onto the A[31:0] lines. 


Finally, when in deturbo mode, the PCMC periodically asserts AHOLD and then drives 
A[31:0] to valid logic levels to keep these lines from floating for an extended period of 
time. 


Branch Trace Message BE5# 


When the PCMC decodes a shutdown special cycle, it asserts AHOLD, drives 

000 . . . 000 (the PCI shutdown special cycle encoding) on the A[31:0] lines and signals 
the LBXs to latch the host address bus. The PCMC then drives a special cycle on PCI, 
signaling the LBXs to drive the latched address (00 . . . 00) on the AD[31:0] lines during 
the data phase. The PCMC then asserts INIT for 16 HCLKs. 


In response to flush and flush acknowledge special cycles, the PCMC internally 
inspects the Valid and Modified bits for each of the Second Level Cache Sectors. If a 
line is both valid and modified, the PCMC drives the cache address of the line on the 
A[18:7] and CAA/CAB[6:3] lines and writes the line back to main memory. The valid 
and modified bits are both reset to 0. All valid and unmodifed lines are simply marked 
invalid. 
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2.1 Host Interface (Continued) — | 
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BE[7:0] # BYTE ENABLES: (Continued) 


In response to a write back special cycle, the PCMC simply returns BRDY # to the CPU. 

The second level cache will be written back to main memory in response to the 
following flush special cycle. 

BRDY # 


In response to a halt special cycle, the PCMC asserts AHOLD, drives 000... 001 (the 

PCI halt special cycle encoding) on the A[31:0] lines, and signals the LBXs to latch the 
host address bus. The PCMC then drives a special cycle on PCI, signaling the LBXs to 
drive the latched address (00 .. . 01) on the AD[31:0] lines during the data phase. 


ADDRESS STROBE: The Pentium microprocessor asserts ADS # to indicate that a new 
bus cycle is beginning. ADS # is driven active in the same clock as the address, byte 
enable, and cycle definition signals. The PCMC ignores a floating low ADS # that may 
occur when BOFF # is asserted as the CPU is asserting ADS#. 


BURST READY: BRDY # indicates that the system has responded in one of three 
ways: 1) valid data has been placed on the Pentium CPU data pins in response to a 
read, 2) CPU write data has been accepted by the system, or 3) the system has 
responded to a special cycle. 


NEXT ADDRESS: The PCMC asserts NA# for one clock when the memory system is 
ready to accept a new address from the CPU, even if all data transfers for the current 
cycle have not completed. The CPU may drive out a pending cycle two clocks after 
NA # is asserted and has the ability to support up to two outstanding bus cycles. 


PCI master cycles, AHOLD is asserted to allow the LBXs to drive a snoop address onto 
the address bus. If the PCI master locks main memory, AHOLD remains asserted until 
the PCI master locked sequence is complete and the PCI master negates PLOCK #. 


AHOLD is asserted during all accesses to PCMC internal configuration registers to allow 
configuration register accesses to occur over the A[31:0] lines. 


When in deturbo mode, the PCMC periodically asserts AHOLD to prevent the processor 
from initiating bus cycles in order to emulate a slower system. The duration of AHOLD 
assertion in deturbo mode is controlled by the Deturbo Frequency Control Register 
(offset 51h). When PWROK is negated, the PCMC asserts AHOLD to allow the 
strapping options on A[31:28] to be read. For more details on strapping options, see 
Section 8.0, System Clocking and Reset Logic. 


EXTERNAL ADDRESS STROBE: The PCMC asserts EADS # to indicate to the 
Pentium microprocessor that a valid snoop address has been driven onto the CPU 
address lines to perform an inquire cycle. During PCI master cycles, the PCMC signals 
the LBXs to drive a snoop address onto the host address lines and then asserts 
EADS # to initate a snoop cycle to the primary cache. 


INVALIDATE: The INV signal specifies the final state (invalid or shared) that a first level 
cache line transitions to in the event of a cache line hit during a snoop cycle. When 
snooping the caches during a PCI master write, the PCMC asserts INV with EADS #. 
When INV is asserted with EADS #, an inquire hit results in the line being invalidated. 
When snooping the caches during a PCI master read, the PCMC does not assert INV 
with EADS #. In this case, an inquire cycle hit results in a line transitioning to the shared 
state. 


BACKOFF: The PCMC asserts BOFF # to force the Pentium CPU to abort all 
outstanding bus cycles that have not been completed and float its bus in the next clock. 
The PCMC uses this signal to force the CPU to re-order a write-back due to a snoop 
cycle around a currently outstanding bus cycle. The CPU remains in bus hold until 
BOFF # is negated. 


BOFF # 
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AHOLD ADDRESS HOLD: The PCMC asserts AHOLD to force the Pentium microprocessor to 
stop driving the address bus so that either the PCMC or LBXs can drive the bus. During 
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HIT MODIFIED: The Pentium processor asserts HITM# to inform the PCMC that the 
current inquire cycle hit a modified line. HITM# is asserted by the Pentium 
microprocessor two clocks after the assertion of EADS # if the inquire cycle hits a 
modified line in the primary cache. 


BUS CYCLE DEFINITION (MEMORY/INPUT-OUTPUT, DATA/CONTROL, WRITE/ 
READ): M/lO, D/C # and W/R# define Host Bus cycles as shown in the table below. 


M/iO# D/C# W/R#_ Bus Cycle Type 

Low Low Low Interrupt Acknowledge 
Low Low High Special Cycle 

Low High Low 1/O Read 

Low High —_ High I/O Write 

High Low Low Code Read 

High Low High Reserved 

High High Low Memory Read 

High High High Memory Write 


Interrupt acknowledge cycles are forwarded to the PCI Bus as PCI interrupt 
acknowledge cycles (i.e. C/BE[3:0] # = 0000 during the address phase). All |/O cycles 
and any memory cycles that are not directed to memory controlled by the PCMC DRAM 
controller are forwarded to PCI. The Pentium microprocessor generates six different 

types of special cycles. The special cycle type is encoded on the BE[7:0] # lines. 


HOST BUS LOCK: The Pentium processor asserts HLOCK # to indicate the current bus 
cycle is locked. HLOCK # is asserted in the first clock of the first locked bus cycle and is 
negated after the BRDY # is returned for the last locked bus cycle. The Pentium 
microprocessor guarantees HLOCK # to be negated for at least one clock between 
back-to-back locked operations. When a CPU locked cycle is directed to main memory, 
the PCMC guarantees that once the locked operation begins in main memory, the CPU 
has exclusive access to main memory (i.e., PCl master accesses to main memory will 
not be initiated until the CPU locked operation completes). When a CPU locked cycle is 
directed to PCI, the PCMC arbitrates for PLOCK # (PCI LOCK #) before initiating the 
cycle on PCI, except when the cycle is to the memory range defined by the Frame 
Buffer Range Register and the No Lock Requests bit in that register is set to 1. 


CACHEABILITY: The Pentium processor asserts CACHE # to indicate the internal 
cacheability of a read cycle or that a write cycle is a burst write-back cycle. If the CPU 
drives CACHE # inactive during a read cycle, the returned data is not cached, 
regardless of the state of KEN#. The CPU asserts CACHE # for cacheable data reads, 
cacheable code fetches, and cache line write-backs. CACHE # is driven along with the 
cycle definition pins. : 


CACHE ENABLE: The PCMC asserts KEN # to indicate to the CPU that the current 
cycle is cacheable. KEN # is asserted for all accesses to memory ranges 0 KBytes- 
512 KBytes and 1024 KBytes to the top of main memory controlled by the PCMC when 
the Primary Cache Enable bit is set to 1, except in the following case: KEN # is not 
asserted for accesses to the top 64 KByte of main memory controlled by the PCMC 
when the SMRAM Enable bit in the DRAM Control Register (Offset 57h) is set to 1. 
KEN # is asserted for any CPU access within the range of 512 KBytes—1024 KBytes if 
the corresponding Cache Enable bit in the PAM[6:0] Registers (offsets 59h-—5Fh) is set 
to 1 and the area is not write protected. If the area is write protected and cacheable, 
KEN # is asserted for code read cycles, but is not asserted during data read cycles. 
When the Pentium processor indicates that the current read cycle can be cached by 
asserting CACHE # and the PCMC responds with KEN #, the cycle is converted into a 
burst cache line fill. The CPU samples KEN # with the first of either BRDY # or NA#. 


HLOCK # 


CACHE # 
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2.1 Host Interface (Continued) 


SYSTEM MANAGEMENT INTERRUPT ACTIVE: The Pentium processor asserts 
SMIACT # to indicate that the processor is operating in System Management Mode 
(SMM). When the SMRAM Enable bit in the DRAM Control Register (offset 57h) is set 
to 1, the PCMC allows CPU accesses to SMRAM as permitted by the SMRAM Space 
Register at configuration space offset 72h. 


PARITY ENABLE: The PEN # signal, along with the MCE bit in CR4 of the Pentium 
microprocessor, determines whether a machine check exception will be taken by the 
CPU as a result of a parity error on a read cycle. The PCMC asserts PEN # during 
DRAM read cycles if the MCHK on DRAM/L2 Cache Data Parity Error Enable bit in the 
Error Command Register (offset 70h) is set to 1. The PCMC asserts PEN # during CPU 


second level cache read cycles if the MCHK on DRAM/L2 Cache Data Parity Error 
Enable and the L2 Cache Parity Enable bits in the Error Command Register (offset 70h) 
are both set to 1. 


DATA PARITY CHECK: PCHK # is sampled by the PCMC to detect parity errors on 
CPU read cycles from main memory if the Parity Error Mask Enable bit in the DRAM 
Control Register (offset 57h) is reset to 0. PCHK # is sampled by the PCMC to detect 
parity errors on CPU read cycles from the second level cache if the L2 Cache Parity 
Enable bit in the Error Command Register (offset 70h) is set to 1. If incorrect parity was 
detected on a data read, the PCHK # signal is asserted by the Pentium microprocessor 
two clocks after BRDY # is returned. PCHK # is asserted for one clock for each clock in 
which a parity error was detected. 


2.2 DRAM Interface 


Signal _| Type 


RAS[5:0] # ROW ADDRESS STROBES: The RAS[5:0] # signals are used to latch the row 


address on the MA[10:0] lines into the DRAMs. Each RAS[5:0] # signal corresponds 
to one DRAM row. The PCMC supports up to 6 rows in the DRAM array. Each row is 
CAS[7:0] # 


eight bytes wide. These signals drive the RAS # lines of the DRAM array directly, 
without external buffers. 
MA[10:0] 


COLUMN ADDRESS STROBES: The CAS[7:0] # signals are used to latch the 
column address on the MA[10:0] lines into the DRAMs. Each CAS[7:0] # signal 
corresponds to one byte of the eight byte-wide array. These signals drive the CAS # 
lines of the DRAM array directly, without external buffers. In a minimum configuration, 
each CAS[7:0] # line only has one SIMM load, while the maximum configuration has 6 
SIMM loads. 


DRAM WRITE ENABLE: WE # is asserted during both CPU and PCI master writes to 
main memory. During burst writes to main memory, WE # is asserted before the first 


assertion of CAS[7:0] # and is negated with the last CAS[7:0] #. The WE # signal is 
externally buffered to drive the WE # inputs on the DRAMs. 


DRAM MULTIPLEXED ADDRESS: MA[10:0] provide the row and column address to 
the DRAM array. The MA[10:0] lines are externally buffered to drive the multiplexed 
address lines of the DRAM array. 
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CADS[1:0] #, 
CR/W([1:0] # 


CADV[1:0] # 


CAA[E6:3] 
CAB[6:3] 


COE[1:0] # 


CWE[7:0] #, 
CBS[7:0] # 
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CACHE ADDRESS LATCH ENABLE: CALE controls the external latch between the 
host address lines and the cache address lines. CALE is asserted to open the 
external latch, allowing the host address lines to propagate to the cache address 
lines. CALE is negated to latch the cache address lines. 


These pins serve one of two purposes depending on the type of SRAMs used for 
the second level cache. 


CACHE ADDRESS STROBE: CADS[1:0] # are used with burst SRAMs. When 
asserted, CADS[1:0] # cause the burst SRAMs to latch the cache address on the 
rising edge of HCLK. CADS[1:0] # are glitch-free synchronous signals. 


CADS[1:0] # functionality is provided when the SRAM type bit in the Secondary 
Cache Control register is set to 1. Two copies of this signal are provided for timing 
reasons only. 


CACHE READ/WRITE: CR/W([1:0] # provide read/write control to the second level 
cache when using asynchronous dual-byte select SRAMs. This functionality is 
provided when the SRAM Type and Cache Byte Control bits in the Secondary 
Cache Control register are both reset to 0. The two copies of this signal are always 
driven to the same logic level. 


CACHE ADVANCE: CADV[1:0] # are used with burst SRAMs to advance the 
internal two bit address counter inside the SRAMs to the next address of the burst 
sequence. Two copies of this signal are provided for timing reasons only. The two 
copies are always driven to the same logic level. 


CACHE ADDRESS [6:3]: CAA[6:3] and CAB[6:3] are connected to address lines 
A[3:0] on the second level cache SRAMs. CAA[4:3] and CAB[4:3] are used with 
standard SRAMs to advance through the burst sequence. CAA[6:5] and CAB[6:5] 
are used during second level cache write-back cycles to address the modified lines 
within the addressed sector. Two copies of these signals are provided for timing 
reasons only. The two copies are always driven to the same logic level. 


CACHE OUTPUT ENABLE: COE[1:0] # are asserted when data is to be read from 
the second level cache and are negated at all other times. Two copies of this signal 
are provided for timing reasons only. The two copies are always driven to the same 
logic level. 


These pins serve one of two purposes depending on the type of SRAMs used for 
the second level cache. 


CACHE WRITE ENABLES: CWE[7:0] # are asserted to write data to the second 
level cache SRAMs on a byte-by-byte basis. CWE7 # controls the most significant 
byte while CWE0# controls the least significant byte. These pins act as Cache 
Write Enables (CWE[7:0] #) when using burst SRAMs (SRAM Type bit in SCC 
register is set to 1) or when using asynchronous SRAMs (SRAM Type bit in SCC is 
reset to 0) and the Cache Byte Control bit in the SCC register is set to 1. 


CACHE BYTE SELECTS: The CBS[7:0] # lines provide byte control to the 
secondary cache when using dual-byte select asynchronous SRAMs. These pins 
act as Cache Byte Select lines when the SRAM Type and Cache Byte Control bits in 
the SCC register are both reset to 0. 
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C/BE[3:0]# Command 
0100 Reserved 


2.4 PCI Interface 
0000 Interrupt Acknowledge 
0101 Reserved 


C/BE[3:0]# | t/s | PC1BUS COMMAND AND BYTE ENABLES: C/BE[3:0] # are driven by the current 
bus master during the address phase of a PCI cycle to define the PCI command, and 
during the data phase as the PCI byte enables. The PCI commands indicate the 
current cycle type, and the PCI byte enables indicate which byte lanes carry 
meaningful data. C/BE[3:0] # are outputs of the PCMC during CPU cycles that are 

_| directed to PCI. C/BE[3:0] # are inputs when the PCMC acts as a slave. The 
0001 Special Cycle 
0010 1/O Read 
0110 Memory Read 
0111 Memory Write 


command encodings and types are listed below. 
0011 I/O Write 
1000 Reserved 


1001 Reserved 

1010 Configuration Read 

1011 Configuration Write 

1100 Memory Read Multiple 

1101 Reserved 

1110 Memory Read Line 

1711 Memory Write and Invalidate 


transaction is beginning. While FRAME # is asserted, data transfers continue. When 
FRAME # is negated, the transaction is in the final data phase. FRAME # is an output 
of the PCMC during CPU cycles which are directed to PCI. FRAME # is an input to 

. the PCMC when the PCMC acts as a slave. | 


IRDY # s/t/s | INITIATOR READY: The assertion of IRDY # indicates the current bus master’s 
ability to complete the current data phase. IRDY # works in conjunction with TRDY # 
to indicate when data has been transferred. On PCI, data is transferred on each clock 
that both IRDY # and TRDY # are asserted. During read cycles, IRDY # is used to 
indicate that the master is: prepared to accept data. During write cycles, IRDY # is 

used to indicate that the master has driven valid data on the AD[31:0] lines. Wait 
states are inserted until both IRDY # and TRDY # are asserted together. IRDY # is 


FRAME # s/t/s | CYCLE FRAME: FRAME # is driven by the current bus master to indicate the 
beginning and duration of an access. FRAME # is asserted to indicate that a bus 


an output of the PCMC when the PCMC is the PCI master. IRDY # is an input to the 
PCMC when the PCMC acts as a slave. 


TRDY # s/t/s | TARGET READY: TRDY # indicates the target device’s ability to complete the 
current data phase of the transaction. It is used in conjunction with IRDY #. A data 
phase is completed on each clock that TRDY # and IRDY # are both sampled 
asserted. During read cycles, TRDY # indicates that valid data is present on AD[31:0] 
lines. During write cycles, TRDY # indicates the target is prepared to accept data. 
Wait states are inserted on the bus until both IRDY # and TRDY # are asserted 


together. TRDY # is an output of the PCMC when the PCMC is the PCI slave. 
TRDY # jis an input to the PCMC when the PCMC is a master. 
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DEVSEL # s/t/s | DEVICE SELECT: When asserted, DEVSEL # indicates that the driving device has 
! decoded its address as the target of the current access. DEVSEL # is an output of 
the PCMC when PCMC is a PCI slave and is derived from the MEMCS # input. 
MEMCS # is generated by the expansion bus bridge as a decode to the main 


memory address space. During CPU to PCI cycles, DEVSEL # is an input. It is used 
to determine if any device has responded to the current bus cycle, and to detect a 
target abort cycle. Master-abort termination results if no subtractive decode agent 
exists in the system, and no one asserts DEVSEL # within a programmed number of 
clocks. 


STOP # s/t/s | STOP: STOP # indicates that the current target is requesting the master to stop the 
current transaction. This signal is used in conjunction with DEVSEL # to indicate 
disconnect, target-abort, and retry cycles. When the PCMC is acting as a master on 
PCI, if STOP # is sampled active on a rising edge of PCLKIN, FRAME # is negated 
within a maximum of 3 clock cycles. STOP # may be asserted by the PCMC in three 
cases. If a PCI master attempts to access main memory when another PCI master 


has locked main memory, the PCMC asserts STOP # to signal retry. The PCMC 
detects this condition when sampling FRAME # and LOCK # both active during an 
address phase. When a PCI master is reading from main memory, the PCMC asserts 
STOP # when the burst cycle is about to cross a cache line boundary. When a PCI 
master is writing to main memory, the PCMC asserts STOP # upon filling either of the 
two PCl-to-main memory posted write buffers. Once asserted, STOP # remains 
asserted until FRAME # is negated. 


PLOCK # s/t/s | PCI LOCK: PLOCK # is used to indicate an atomic operation that may require 
multiple transactions to complete. PCI provides a mechanism referred to as 
“resource lock”’ in which only the target of the PCI transaction is locked. The 
assertion of GNT # on PCI does not guarantee control of the PLOCK # signal. 
Control of PLOCK # is obtained under its own protocol. When the PCMC is the PCI 
| slave, PLOCK # is sampled as an input on the rising edge of PCLKIN when FRAME # 


is sampled active. If PLOCK # is sampled asserted, the PCMC enters into a locked 
state and remains in the locked state until PLOCK # is sampled negated ona 
following rising edge of PCLKIN, when FRAME # is sampled asserted. 


REQ# out | REQUEST: The PCMC asserts REQ # to indicate to the PCI bus arbiter that the 
PCMC is requesting use of the PCI Bus in response to a CPU cycle directed to PCI. 


GNT # GRANT: When asserted, GNT # indicates that access to the PCI Bus has been 
granted to the PCMC by the PCI Bus arbiter 


MAIN MEMORY CHIP SELECT: When asserted, MEMCS # indicates to the PCMC 
that a PCI master cycle is targeting main memory. MEMCS # is generated by the 
expansion bus bridge. MEMCS # is sampled by the PCMC on the rising edge of 
PCLKIN on the first and second cycle after FRAME # has been asserted. 


FLUSH REQUEST: When asserted, FLSHREQ # instructs the PCMC to flush the 
CPU-to-PClI posted write buffer in the LBXs and to disable further posting to this 
buffer as long as FLSHREQ# remains active. The PCMC acknowledges completion 
of the CPU-to-PClI write buffer flush operation by asserting MEMACK #. MEMACK # 
remains asserted until FLSHREQ# is negated. FLSHREQ # is driven by the 
expansion bus bridge and is used to avoid deadlock conditions on the PCI Bus. 


MEMORY REQUEST: When asserted, MEMREQ # instructs the PCMC to flush the 
CPU-to-PCl and CPU-to-main memory posted write buffers and to disable posting in 
these buffers as long as MEMREQ # is active. The PCMC acknowledges completion 
of the flush operations by asserting MEMACK #. MEMACK # remains asserted until 
MEMREQ # is negated. MEMREQ # is driven by the expansion bus bridge. 
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MEMACK# | out | MEMORY ACKNOWLEDGE: When asserted, MEMACK # indicates the completion of 
the operations requested by an active FLSHREQ# and/or MEMREQ#. 


PAR t/s_ | PARITY: PAR is an even parity bit across the AD[31:0] and C/BE[3:0] # lines. Parity 
is generated on all PCI transactions. As a master, the PCMC generates even parity on 
CPU writes to PCI, based on the PPOUT[1:0] inputs from the LBXs. During CPU read 
cycles from PCI, the PCMC checks parity by checking the value sampled on the PAR 


input with the PPOUT[1:0] inputs from the LBXs. As a slave, the PCMC generates 
PERR# s/t/s 


even parity on PAR, based on the PPOUT[1:0] inputs during PCI master reads from 
SERR# 


main memory. During PCI master writes to main memory, the PCMC checks parity by 
1-76 


checking the value sampled on PAR with the PPOUT[1:0] inputs. 


PARITY ERROR: PERR# may be pulsed by any agent that detects a parity error 
during an address phase, or by the master or the selected target during any data 
phase in which the AD lines are inputs. The PERR # signal is enabled when the 
PERR # on Receiving Data Parity Error bit in the Error Command Register (offset 70h) 
and the Parity Error Enable bit in the PCl| Command Register (offset 04h) are both set 
to 1. 


When enabled, CPU-to-PCI write data is checked for parity errors by sampling the 
PERR # signal two PCI clocks after data is driven. Also, when enabled, PERR # is 
asserted by the PCMC when it detects a data parity error on CPU read data from PCI 
and PCI master write data to main memory. PERR # is neither sampled nor driven by 
the PCMC when either the PERR# on Receiving Data Parity Error bit in the Error 
Command Register or the Parity Error Enable bit in the PCl Command Register is 
reset to 0. 


SYSTEM ERROR: SERR# may be pulsed by any agent for reporting errors other 
than parity. SERR # is asserted by the PCMC whenever a serious system error (not 
necessarily a PCI error) occurs. The intent is to have the PCI central agent (for 
example, the expansion bus bridge) assert NMI to the processor. Control over the 
SERR # signal is provided via the Error Command Register (offset 70h) when the 
Parity Error Enable bit in the PC! Command Register (offset 04h) is set to 1. When the 
SERR # DRAM/L2 Cache Data Parity Error bit is set to 1, SERR# is asserted upon 
detecting a parity error on CPU read cycles from DRAM. If the L2 Cache Parity bit is 
also set to 1, SERR# will be asserted upon detecting a parity error on CPU read 
cycles from the second level cache. The Pentium microprocessor indicates these 
parity errors to the PCMC via the PCHK# signal. When the SERR# on PCI Address 
Parity Error bit is set to 1, the PCMC asserts SERR # if a parity error is detected 
during the address phase of a PCI master cycle. 


When the SERR # on Received PCI Data Parity bit is set to 1, the PCMC asserts 
SERR # if a parity error is detected on PC! during a CPU read from PCI. During CPU to 
PCl write cycles, when the SERR # on Transmitted PC! Data Parity Error bit is set to 

1, the PCMC asserts SERR # in response to sampling PERR# active. When the 
SERR # on Received Target Abort bit is set to 1, the PCMC asserts SERR# when the 
PCMC receives a target abort on a PCMC initiated PCI cycle. If the Parity Error Enable 
bit in the PCl Command Register is reset to 0, SERR # is disabled and is never 
asserted by the PCMC. 
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2.5 LBX Interface 
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HIG[4:0] HOST INTERFACE GROUP: HIG[4:0] are outputs of the PCMC used to control the 


LBX HA (Host Address) and HD (Host Data) buses. Commands driven on HIG[4:0] 
MIG[2:0] 


cause the host data and/or address lines to be either driven or latched by the LBXs. 
See the 82433LX (LBX) Local Bus Accelerator Data Sheet for a listing of the 

MDLE a 

PIG[3:0] a 


used to control the latching of memory read data on the CPU data bus. MDLE is 
negated as CAS[7:0] # are negated to close the latch between the memory data bus 
and the host data bus. During CPU reads from main memory, the PCMC closes the 
memory data to host data latch in the LBXs as BRDY # is asserted and opens the 
latch after the CPU has sampled the data. 


PCI INTERFACE GROUP: PIG[3:0] are outputs of the PCMC used to control the LBX 
AD (PCI Address/Data) bus. Commands driven on the PIG[3:0] lines cause the AD 
lines to be either driven or latched. See the 82433LX (LBX) Local Bus Accelerator 
Data Sheet for a listing of the PIG[3:0] commands. 


DRIVE PCI: DRVPCI acts as an output enable for the LBX AD lines. When sampled 
asserted, the LBXs begin driving the PCI AD lines. When negated, the AD lines on 
the LBXs are tri-stated. The LBX AD lines are tri-stated asynchronously from the 
falling edge of DRVPCI. 


END OF LINE: EOL is asserted by the low order LBX when a PCI master read or 
write transaction is about to overrun a cache line boundary. EOL has an internal pull- 
up resistor inside the PCMC. The low order LBX EOL signal connects to this PCMC 
input. The high order LBX EOL signal is connected to ground through an external 
pull-down resistor. 


PCI PARITY OUT: These signals reflect the parity of the 32 AD lines driven from or 
latched in the LBXs, depending on the command driven on PIG[3:0]. The PPOUTO 
pin has a weak internal pull-down resistor. The PPOUT1 pin has a weak internal pull- 
up resistor. 


HIG[4:0] commands. 
MEMORY INTERFACE GROUP: MIG[2:0] are outputs of the PCMC used to control 
DRVPCI 
| PPOUT[1:0] 


the LBX MD (Memory Data) bus. Commands driven on the MIG[2:0] lines cause the 
2.6 Reset and Clock 


memory data lines to be either driven or latched by the LBXs. See the 82433LX (LBX) 
Local Bus Accelerator Data Sheet for a listing of the MIG[2:0] commands. 
Signal Description 
HCLKOSC HOST CLOCK OSCILLATOR: The HCLKOSC input is driven externally by either a 


MEMORY DATA LATCH ENABLE: During CPU reads from main memory, MDLE is 
60 MHz or 66.667 MHz crystal oscillator. The PCMC generates six copies of HCLK 
from HCLKOSC (HCLKA-HCLKF). During power-up, HCLKOSC must stabilize for 1 ms 
before PWROK is asserted. If an external clock driver is used to clock the CPU, PCMC, 


LBXs and second level cache SRAMs instead of the HCLKA-—HCLKF outputs, 
HCLKOSC must be tied either high or low. 


outputs drives both the CPU and the PCMC. Thus, the clock skew between the CPU 
and PCMC is kept lower than the skew between the PCMC and other components. 
Another HCLK output drives both of the LBXs. The remaining four are used to drive the 
second level cache SRAMs. 


HCLKA- HOST CLOCK OUTPUTS: HCLKA-HCLKF are six low skew copies of the host clock. 
HCLKF These outputs eliminate the need for an external low skew clock driver. One of these 
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2.6 Reset and Clock (Continued) 


Signal Description 


HCLKIN HOST CLOCK INPUT: All timing on the host, DRAM and second level cache interfaces 
is based on HCLKIN. If an external clock driver is used to clock the CPU, PCMC, LBXs 
and second level cache SRAMs, the externally generated clock must be connected to 
HCLKIN. During power-up HCLKIN must stabilize for 1 ms before PWROK is asserted. 


CPU HARD RESET: The CPURST pin is asserted in response to one of two conditions. 
First, during power-up the PCMC asserts CPURST when PWROK is negated. When 
PWROK is asserted, the PCMC first ensures that it has been initialized before negating 
CPURST. CPURST is also asserted when the System Hard Reset Enable bit in the 
Turbo-Reset Control Register (I/O address OCFQh) is set to 1 and the Reset CPU bit 
toggles from 0 to 1. CPURST is driven synchronously to the rising edge of HCLKIN. 


CPURST 


oO 
Cc 
mal 


INIT INITIALIZATION: INIT is asserted in response to any one of three conditions. When 
the System Hard Reset Enable bit in the Turbo-Reset Control Register is reset to 0 and 
the Reset CPU bit toggles from 0 to 1, the PCMC initiates a soft reset by asserting INIT. 
The PCMC also initiates a soft reset by asserting INIT in response to a shutdown 
special cycle. In both cases, INIT is asserted for a minimum of 16 Host clocks. If the 
BIST Enable bit and the System Hard Reset Enable bit in the Turbo-Reset Control 
Register are both set to 1, and the Reset CPU bit toggles from 0 to 1, the PCMC will 
assert INIT along with CPURST and will negate INIT one clock after negating CPURST. 
This will force the CPU to execute a Built In Self Test (BIST) prior to the start of 
program execution. 


POWER OK: When asserted, PWROK is an indication to the PCMC that power and 
HCLKIN have stabilized for at least 1 ms. PWROK can be driven asynchronously. 

When PWROK is negated, the PCMC asserts both CPURST and PCIRST #. When 
PWROK is driven high, the PCMC ensures that it is initialized before negating CPURST 
and PCIRST #. 


PCI CLOCK OUTPUT: PCLKOUT is internally generated by a Phase Locked Loop 
(PLL) that divides the frequency of HCLKIN by 2. This output must be buffered 

externally to generate multiple copies of the PCI Clock. One of the copies must be 
connected to the PCLKIN pin. 


PCI CLOCK INPUT: An internal PLL locks PCLKIN in phase with HCLKIN. All timing on 
the PCMC PCI interface is referenced to the PCLKIN input. All output signals on the 
PCI interface are driven from PCLKIN rising edges and all input signals on the PCI 
interface are sampled on PCLKIN rising edges. 


PCI RESET: PCIRST # is asserted to initiate hard reset on PCI. PCIRST # is asserted 
in response to one of two conditions. First, during power-up the PCMC asserts 
PCIRST # when PWROK is negated. When PWROK is asserted the PCMC will first 
ensure that it has been initialized before negating PCIRST #. PCIRST # is also 
asserted when the System Hard Reset Enable bit in the Turbo/Reset Control Register 
is set to 1 and the Reset CPU bit toggles from 0 to 1. PCIRST # is driven 
asynchronously. 


TEST ENABLE: TESTEN must be tied low for normal system operation. 


PWROK 


PCLKOUT 


PCLKIN 


PCIRST # 


Oo 
= 
mal 
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3.0 REGISTER DESCRIPTION 


The PCMC contains two sets of software accessible 
registers. These registers are accessed via the Host 
CPU |/O address space. The |/O mapped register 
set contains two control registers that reside in the 
CPU I/O space and are used to reset the CPU, en- 
able/disable the CPU deturbo mode, and enable/ 
disable access to the PCI configuration space (see 
Section 3.1, |/O Mapped Registers). The PCMC also 
contains a set of configuration registers that reside 
in PCl configuration space and are used to specify 
PCI configuration, DRAM configuration, cache con- 
figuration, operating parameters and optional sys- 
tem features (see Section 3.2, PCI Configuration 
Space). The PCMC internal registers (both I/O 
Mapped and Configuration registers) are only acces- 
sible by the Host CPU and cannot be accessed by 
PCI masters. The registers can be accessed as byte, 
word (16-bit), or Dword (32-bit) quantities. All multi- 
byte numeric fields use ‘“‘little-endian” ordering (i.e., 
lower addresses contain the least significant parts of 
the field). 3 


Some of the PCMC registers described in this sec- 
tion contain reserved bits. These bits are labeled 
“R’’, Software must deal correctly with fields that are 
reserved. On reads, software must use appropriate 
masks to extract the defined bits and not rely on 
reserved bits being any particular value. On writes, 
software must ensure that the values of reserved bit 
positions are preserved. That is, the values of re- 
served bit positions must first be read, merged with 
the new values for other bit positions and then writ- 
ten back. 


82434LX 


In addition to reserved bits within a register, the 
PCMC contains address locations in the PCI config- 
uration space that are marked “Reserved” (Table 
3-1). The PCMC responds to accesses to these ad- 
dress locations by completing the Host cycle. When 
a reserved register location is read, 0000h is re- 
turned. Writes to reserved registers have no affect 
on the PCMC. 


Upon receiving a hard reset via the PWROK signal, 
the PCMC sets its internal configuration registers to 
predetermined default states. The default state rep- 
resents the minimum functionality feature set re- 
quired to successfully bring up the system. Hence, it 
does not represent the optimal system configuration. 
It is the responsibility of the system initialization soft- 
ware (usually BIOS) to properly determine the 
DRAM configurations, cache configuration, operat- 
ing parameters and optional system features that 
are applicable, and to program the PCMC registers 
accordingly. 


3.1 I/O Mapped Registers 


The PCMC contains three registers that reside in the 
CPU |/O address space the Configuration Space 
Enable (CSE) Register, the Turbo-Reset Control 
(TRC) Register and the Forward Address Register. 
These registers can not reside in PCI configuration 
space because of the special functions they per- 
form. The Configuration Space Enable (CSE) Regis- 
ter enables/disables the configuration space and, 
hence, can not reside in that space. The TRC Regis- 
ter enables/disables deturbo mode which effectively 
slows the processor to accommodate software pro- 
grams that rely on the slow speed of PC/XT systems 
to time certain events. The Forward Address Regis- 
ter determines to which of the possible hierarchical 
PCI buses a cycle is directed. 
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3.1.1 CSE—CONFIGURATION SPACE ENABLE REGISTER 


1/O Address: OCF8h 
Default Value: OOh 
Attribute: Read/Write 
Size: 8 Bits 


CSE is an 8-bit read/write register used to enable/disable configuration space access and to access specific 
functions within a PCI agent. The PCMC, as a Host/PCl Bridge, supports multi-function devices on the PCI 
Bus. The function number permits individual configuration spaces for up to eight functions within an agent. The 
register is located in the CPU I/O address space. The CSE Register fields are shown in Figure 3-1 and 
described in Table 3-1. 


Reserved 


Function Number (R/W) 


(Mapped to AD[10:8] during 
configuration cycles) 


Key (R/W) 
0000=Normal Mode 


other=Configuration Mode 
290479-5 


Figure 3-1. Configuration Space Enable Register 


Table 3-1. Configuration Space Enable Register 


Bit Description 


KEY: Configuration space is mapped into |/O space by writing to the Configuration Space Enable 
(CSE) Register. The KEY field selects between normal mode and configuration mode as follows: 
KEY Description 


0000 Normal mode. In this mode, the PCMC translates CPU I/O read/write cycles in the COO0Oh- 
CFFFh address range to PCI I/O cycles. 


1000 Configuration mode. In this mode, the PCMC translates CPU I/O read/write cycles in the 
COO0Oh-CFFFh address range to PCI configuration read/write cycles. 


FN (FUNCTION NUMBER): For multi-function devices, this field selects a particular function within a 
PCI device. During a configuration cycle, bits [3:1] become part of the PCI Bus address and 
correspond to AD[10:8]. 
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3.1.2 TRC—TURBO-RESET CONTROL REGISTER 


|/O Address: OCF9h 

Default Value: OOh 

Attribute: Read/Write 

Size: 8 Bits 

The TRC Register is an 8-bit read/write register that selects turbo/deturbo mode of the CPU, initiates PCI Bus 


and CPU reset cycles, and initiates the CPU Built In Self Test (BIST). TRC is located in CPU I/O address 
space. 


Bit 


Default 


Reserved Turbo/Deturbo Mode (R/W) 


1=Deturbo 
CPU BIST Enable (R/W) 0=Turbo 


1=Enabled 
0=Disabled System Hard Reset Enable (R/W) 


see table 
Reset CPU (R/W) 


see table | 
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Figure 3-2. Turbo-Reset Register 
Table 3-2. Turbo-Reset Register 


PR ote a ne 


Reset CPU (RCPU): RCPU is used to initiate a hard reset or soft reset to the CPU. During a hard 
reset, the PCMC asserts CPURST and PCIRST #. The PCMC initiates a hard_reset when this register 
is programmed for a hard reset or when the PWROK signal is asserted. During a soft reset, the 
PCMC asserts INIT. The PCMC initiates a soft reset when this register is programmed for a soft 
reset and in response to a shutdown special cycle. 


This bit is used in conjunction with bit 3 and bit 1 of this register. Bit 3 and bit 1 must be set up prior 
to writing a 1 to this register. Thus, two write operations are required to initiate a reset using this bit. 
The first write operation programs bit 3 and bit 1 to the appropriate state while setting this bit to 0. 
The second write operation keeps the bit 3 and bit 1 at their programmed state (1 or 0) while setting 
this bit to a 1. When RCPU transitions from a 0 to a 1, a hard reset is initiated if bit 1 = 1 anda soft 
reset is initiated if bit 1 = 0. In addition, if bit3 = 1 during a hard reset, the CPU Built In Self Testis | 
invoked. 


System Hard Reset Enable (SHRE): This bit is used in conjunction with bit 2 of this register to 
initiate either a hard or soft reset. When SHRE = 1, the PCMC initiates a hard reset to the CPU 
when bit 2 transitions from 0 to 1. When SHRE = 0, the PCMC initiates a soft reset when bit 2 


transitions from 0 to 1. 


Deturbo Mode (DM): This bit enables and disables deturbo mode. When DM = 1, the PCMC is in 
the deturbo mode. In this mode, the PCMC periodically asserts the AHOLD signal to slow down the 


effective speed of the CPU. The AHOLD duty cycle is programmable through the Deturbo 
Frequency Control (DFC) Register. When DM = 0, the deturbo mode is disabled. 


Deturbo mode can be used to maintain backward compatibility with older software packages that 
rely on the operating speed of older processors. For accurate speed emulation, caching should be 
disabled. If caching is disabled during runtime, the following steps should be performed to make 
sure that modified lines have been flushed from the cache to main memory before entering deturbo 
mode. Disable the primary cache via the PCE bit in the HCS Register. This prevents the KEN # 
signal from being asserted, which prevents any further first and second level cache line fills. At this 
point, software executes the WBINVD instruction to flush the caches, and then sets DM to 1. When 
exiting the deturbo mode, the system software must first set DM to 0, then enable first and second 
level caching by writing to the HCS Register. 
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3.1.3 FORW—FORWARD REGISTER 
|/O Address: OCFAh 


Default Value: OOh 

Attribute: Read/Write 

Size: 8 Bits 

This 8-bit register specifies which PCI Bus configuration space is enabled in a multiple PCI Bus configuration. 


The default value for the FORW Register enables the configuration space of the PC] Bus connected to the 
PCMC. The register field is shown in Figure 3-3 and described in Table 3-3. 


Forward Bus Number 


Forward Bus Number (R/W) 


OOh=No Bus Forwarding 
(Access to PCI Bus connected 
to PCMC) 
Other=Bus Forwarding 
(Bits[7:0] map to AD[23:16]) 
290479-96 


Figure 3-3. Forward Register 


Table 3-3. Forward Register 


Bit | : Description 


FORWARD BUS NUMBER: Wher this register is set to 00h, the configuration space of the PCI Bus 
connected to the PCMC is enabled and the PCMC initiates a type 0 configuration cycle. If the value 
of this register is not 00h, the PCMC initiates a type 1 configuration cycle to forward the cycle (via 

one or more PCI/PCI Bridges) to the PC! Bus specified by the contents of this register. For non-zero 
values, bits [7:0] are mapped to AD[23:16], respectively. The default value for this register is OOh. 
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3.2 PCi Configuration Space Mapped 
Registers 


The PCI Bus defines a slot based ‘configuration 
space”’ that allows each device to contain up to 256 
8-bit configuration registers. The PCI specification 
defines two bus cycles to access the PCI configura- 
tion space—Configuration Read and Configura- 
tion Write. While memory and |/O spaces are 
supported by the Pentium microprocessor, configu- 
ration space is not supported. The PCMC provides 
the mechanism that allows the Host CPU to access 
the PCI configuration space. The bus cycles used to 
access PCMC internal configuration registers are 
described in Section 7.0, PCI Interface. 


3.2.1 HOST CPU I/O SPACE TO PCI 
CONFIGURATION SPACE TRANSLATION 


The PCI specification defines two bus cycles to ac- 
cess the PCI configuration space: Configuration 
Read and Configuration Write. However, today’s 
CPUs do not generate these bus cycles. Therefore, 
Host/PCl bridges (e.g., the PCMC) must translate 
either memory or I/O read/write cycles of certain 
address ranges into PCI configuration cycles. 


The PCMC translates CPU I/O read/write cycles to 
the CO0Oh-CFFFh address range into PCI configura- 
tion read/write cycles. A brief description of the 
translation map is provided in the following para- 
graphs. 


When PCI configuration space is enabled through 
the CSE Register, all |/O read/write cycles to the 
COOOh-CFFFh address range of the I/O space are 
translated to PCl configuration read/write cycles. 
There are two types of configuration cycles (type 0 
and type 1) that differ by the type of address map- 
ping used to translate the Host I/O cycle to a PCI 
configuration cycle. Type 0 cycles access the con- 
figuration space of the PCi Bus that is connected to 
the PCMC. Type 1 cycles are used in multiple PCI 
Bus systems to access the configuration space of 
PCI Buses that are not directly connected to the 
PCMC. The value programmed into the PCMC’s For- 
ward Register determines whether the PCMC gener- 
ates a type 0 or type 1 configuration cycle. 


82434LX 


In a multiple PCI Bus system each bus is assigned a 
bus number. The bus number for the PCI Bus con- 
nected to the PCMC is hardwired to 0. The PCMC 
uses the Forward Register, Bus Number Register, 
and Subordinate Bus Number Register to forward 
configuration cycles to the appropriate PCI/PCI 
Bridge. The PCMC’s Forward Register must be pro- 
grammed with the desired PCI Bus number. During a 
type 1 configuration cycle, this number is mapped 
into the address of the PCI Bus configuration cycle. 
PCI/PCI Bridges compare this number with the val- 
ues programmed into their Bus Number and Subor- 
dinate Bus Number Registers to determine if the 
configuration cycle is intended for a bus behind that 
particular bridge. If the bridge accepts the cycle, it 
may, in turn, generate either a type O or type 1 con- 
figuration cycle, depending on where the bus is lo- 
cated in its bus hierarchy. 


Type 0 Configuration Cycles 


For type 0 configuration cycles, AD[1:0] = 00 (Fig- 
ure 3-4). Host CPU address bits A[7:2] are not trans- 
lated and become AD[7:2] on the PCI Bus. AD[7:2] 
select one of the 256 8-bit |/O locations in the PCI 
configuration space. The FN field (AD[10:8]) is a 
function number for multi-function devices and cor- 
responds to bits [3:1] of the Configuration Space 
Enable Register. Host CPU address bits A[11:8] are 
mapped to an IDSEL input for each of the 16 possi- 
ble PCI devices. The IDSEL input for each PCI de- 
vice must be hard-wired to one of the AD[31:16] 
signals on the PCI Bus. AD16 is reserved for the 
PCMC. While the PCMC does not have an external 
IDSEL input pin, this signal is internally hard-wired to 
AD16. Other devices on the PCI bus should not use 
AD16. 


Type 1 Configuration Cycles 


For type 1 configuration cycles, AD[1:0] = 01 (Fig- 
ure 3-5). AD[10:2] are generated the same as for 
the type 0 configuration cycle. Host CPU address 
bits A[11:8] contain the specific device number and 
are mapped to AD[14:11]. AD[23:16] contain the 
bus number of the PCI! Bus that is to be accessed 
and corresponds to the Forward Register bits [7:0]. 
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Host haces | igi 1 BORA 16 | Conf. [ 1100 | 10116 | Cont. Reg. 
A[15:2] BORA ents [ 1100 | 10116 | Cont. Reg. 


2 


PCI Address Conf. Reg. 
ee a 
16 15 


IDSEL# Select Reserved 


(Only one "1" and 
AD16 must be 0) Function Number 
(CSE Register Bits [3:1]) 


Configuration Register Offset 
(Selects one of 256 8-bit I/O locations) 
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Figure 3-4. Host-to-PCI Address Mapping for a Type 0 Configuration Cycle 
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PCi Address 1 of 16 Conf. Reg. 
AD[31:0] Agents Offset 
16 15 14 17:10) 8 ‘7 


Reserved 


Forward Bus Number 
(FORW Register Bits [7:0]) 
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Figure 3-5. Host-to-PCI Address Mapping for a Type 1 Configuration Cycle 
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Table 3-4 shows the PCMC configuration space. R/W Read/Write. A register with this attribute 


The following nomenclature is used for access attri- can be read and written. 

butes. R/WC Read/Write Clear. A register bit with this at- 

RO Read Only. If a register is read only, writes tribute can be read and written. However, a 
to this register have no effect. write of a 1 clears (sets to 0) the correspond- 


ing bit and a write of a 0 has no effect. 
Table 3-4. PCMC Configuration Space 


[00-01% | vio Vendoridentiicaion ——=~S~idC*‘“~éaRC 
[ve-0an | DID | Device identification ——=~S~S~dtC*‘“~‘éaOCSCS 
[RID | Revision dentiication ———~—SCS~sSCSC*<‘~iaR 

[oon | ALPL__| __Register-Level Programmingintertace [RO 
a 

[oon | Mut | _MasterLateney Timer —SSSC~dtCSC‘“S~ia 
pe ee 

a 
oS 
eae 

: 

een SERA 


ORAMG 

a ae . | wee 

[~é0-65n | DRBISo] | DRAMRow Boundary (registers) 
66-6Fh 


i" SE BEES 
aw 
Rw 


MLT 
DT 


78-79h | MS@ Ya~t cs Memory Space Gap 
7C-7Fh Frame Buffer Range 
80—FFh 
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3.2.2 VID—VENDOR IDENTIFICATION REGISTER 


Address Offset: 00-01h 

Default Value: 8086h 

Attribute: Read Only 
Size: 16 Bits 


The VID Register contains the vendor identification number. This 16-bit register combined with the Device 
Identification Register uniquely identifies any PCI device. Writes to this register have no effect. 


Vendor identification Number (RO) 
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Figure 3-6. Vendor Identification Register 
Table 3-5. Vendor Identification Register 


Description 
Vendor Identification Number: This is a 16-bit value assigned to Intel. 


3.2.3 DID—DEVICE IDENTIFICATION REGISTER 


Address Offset: 02-03h 
Default Value: O4A3h 
Attribute: Read Only. 
Size: 16 Bits 


This 16-bit register combined with the Vendor Identification Register uniquely identifies any PCI device. Writes 
to this register have no effect. 


Bit 


15 ) 0 
Device Identification Number (RO) 


290479-9 
Figure 3-7. Device Identification Register 
Table 3-6. Device Identification Register 


| Bit | Description 
| 15:0 Device Identification Number: This is a 16-bit value assigned to the PCMC. 
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3.2.4 PCICMD—PCI COMMAND REGISTER 
Address Offset: 04-05h 


Default: O6h 
Attribute: Read/Write 
Size: 16 Bits 


This 16-bit register provides basic control over the PCMC’s ability to respond to PCI cycles. The PCICMD 
Register enables and disables the SERR# signal, the parity error signal (PERR#), PCMC response to PCI 
special cycles, and enables and disables PCI master accesses to main memory. 


VO Access Enable (RO) 


(PCI access to Host I/O space) 
SERR# Enable (R/W) Always disabled 


1=Enabled 
0=Disabled - Memory Access Enable (R/W) 
(PCI access to Main Memory) 
Reserved 1=Enabled 


0=Disabled 
Parity Error Enable (R/W) 
1=Support parity checking on PCI Bus Master Enable (RO) 
O=No parity checking on PCI (PCI Bus master capability for PCMC) 
Always enabled 
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Figure 3-8. PC] Command Register 


Table 3-7. PCl Command Register 
| Description 
Reserved. 


SERR # Enable (SERRE): SERRE enables/disables the SERR# signal. When SERRE = 1 and 
PERRE = 1, SERR # is asserted if the PCMC detects a PCI Bus address/ data parity error, main 
memory (DRAM) or cache parity error, or a target abort on a PCMC-initiated PCI cycle and the 
corresponding errors are enabled in the Error-Command Register. When SERRE = 0, SERR# is 
never asserted. 


Parity Error Enable (PERRE): PERRE controls the PCMC’s response to PCI parity errors. This 
bit is a master enable for bit 3 of the ERRCMD Register. This bit must be set to 1 to enable bit 8 
(SERRE) of this register. - 


' Reserved. 


Bus Master Enable (BME): The PCMC does not support disabling of its bus master capability on 
the PCI Bus. This bit is always set to 1, permitting the PCMC to function as a PC] Bus master. 
Writes to this bit position have no affect. 


Memory Access Enable (MAE): This bit enables/disables PCI master access to main memory 
(DRAM). When MAE = 1, the PCMC permits PCI masters to access main memory if the MEMCS# 
signal is asserted. When MAE = 0, the PCMC does not respond to main memory accesses 
(MEMCS # asserted). 


1/O Access Enable (IOAE): The PCMC does not respond to PCI I/O cycles, hence this command 
is not supported. PC] master access to I/O space on the Host Bus is always disabled. 


a | —_ 
= 
i<e) 
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3.2.5 PCISTS—PCi STATUS REGISTER 


Address Offset: 06-07h 

Default Value: 40h 

Attribute: Read Only, Read/Write Clear 
Size: 16 Bits 


PCISTS is a 16-bit status register that reports the occurrence of a PCI master abort, PCi target abort, and 
DRAM or cache parity error. PCISTS also indicates the DEVSEL# timing that has been set by the PCMC 
hardware. Bits [15:12] are read/write clear and bits [10:9] are read only. 


Default 


Reserved Reserved 


Signailed System Error (R/WC) Data Parity Detected (R/WC) 
1=SERR# asserted by PCMC 1=PCI Data Parity Error Detected 
O=SERR# not asserted by PCMC O=No PCI Data Parity Error Detected 


Received Master Abort (R/WC) DEVSEL# Timing (RO) 
1=Master Abort Not Programmable 
O=No master abort 

Reserved 


Received Target Abort Status (R/WC) 
1=Target abort 
O=No target abort 
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Figure 3-9. PCI Status Register 
Table 3-8. PCi Status Register 


Description 


Signaled System Error (SSE): When the PCMC asserts the SERR # signal, this bit is also set to 1. 
Software sets SSE to 0 by writing a 1 to this bit. 


Received Master Abort Status (RMAS): When the PCMC terminates a Host-to-PCl transaction 
(PCMC is a PCI master) which is not a special cycle with a master abort, this bit is set to 1. 
Software resets this bit to 0 by writing a 1 to it. 


Received Target Abort Status (RTAS): When a PCMC- initiated PCI transaction is terminated with 
a target abort, RTAS is set to 1. The PCMC also asserts SERR # if the SERR# Target Abort bit in 
the ERRCMD Register is 1. Software resets RTAS to 0 by writing a 1 to it. 


DEVSEL # Timing (DEVT): This 2-bit field indicates the timing of the DEVSEL# signal when the 
PCMC responds as a target. The PCI specification defines three allowable timings for assertion of 
DEVSEL#: 00 = fast, 01 = medium, and 10 = slow (DEVT = 11 is reserved). DEVT indicates 
the slowest time that a device asserts DEVSEL # for any bus command, except configuration read 
and write cycles. Note that these two bits determine the slowest time that the PCMC asserts 
DEVSEL #. However, the PCMC can also assert DEVSEL # in medium time. The PCMC asserts 
DEVSEL # in response to sampling MEMCS # active. The PCMC samples MEMCS # one and two 
clocks after FRAME # is sampled asserted. If MEMCS # is sampled active one PCI clock after 
FRAME # is sampled active, then the PCMC will respond with DEVSEL # in medium time. If 
MEMCS # is sampled active two PCI clocks after FRAME # is sampled active, then the PCMC will 
respond with DEVSEL # in slow time. 
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Table 3-8. PCi Status — (Continued) 


Se eee 


Data Parity Detected (DPD): This bit is set when all of the following conditions are met: 
1. The PCMC asserted PERR # or sampled PERR # asserted, 

2. The PCMC was the bus master for the operation in which the error occurred, and, 
3. The parity Error Response bit (Command Register bit 6) is set. 


Reserved. 


3.2.6 RID—REVISION IDENTIFICATION REGISTER 


Address Offset: 08h 

Default Value: 03h for A-3 Stepping 
Attribute: Read Only 

Size: 8 Bits 


This register contains the revision number of the PCMC. These bits are read only and writes to this register 
have no effect. For A-3 Stepping, this value is 03h. 


0 Bit 


Default 


Revision Identification Number (RO) 
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Figure 3-10. Revision identification Register 


Table 3-9. Revision Identification Register 


} Bit | Description 


Revision Identification Number: This is an 8-bit value that indicates the revision identification 
number for the PCMC. 


3.2.7 RLPI—REGISTER-LEVEL PROGRAMMING INTERFACE REGISTER 


Address Offset: O9h 
Default Value: OOh 
Attribute: Read Only 
Size: 8 Bits 


This read-only register defines the PCMC as having no defined register-level programming interface. 


Register-Level Programming Interface (RO) 
290479-98 


Figure 3-11. Register Level Programming Interface Register 


_ Table 3-10. Register Level Programming Interface Register 


F 2 aa ee a ee ee Pee 


Register-Level Programming Interface (RLPI): This read-only register defines the PCMC as 


having no defined register-level programming interface. 
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3.2.8 SCCD—SUB-CLASS CODE REGISTER 


Address Offset: OAh 
Default Value: OOh 
Attribute: Read Only 
Size: 8 Bits 


This read-only register defines the PCMC as a host bridge. 


Sub-Class Code (RO) 
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Figure 3-12. Sub-Class Code Register 
Table 3-11. Sub-Class Code Register 


Description 


7:0 | Sub-Class Code Register (SCCD): This read-only register defines the PCMC as a host bridge. 


3.2.9 BCCD—BASE CLASS CODE 


Address Offset: OBh 
Default Value: O6h 
Attribute: Read Only 
Size: - 8 Bits 


This read-only register defines the PCMC as a bridge device. 


7 0 
~ Base Class Code 


Figure 3-13. Base Class Code Register 
Table 3-12. Base Class Code Register 


Description 


Bit 


290479-A1 


Base Class Code Register (BCCD): This read-only register defines the PCMC as a bridge device. 
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3.2.10 MLT—MASTER LATENCY TIMER REGISTER 


Address Offset: ODh 
Default Value: 20h 
Attribute: Read/Write 


. Size: 8 Bits 


MLT is an 8-bit register that controls the amount of time the PCMC, as a bus master, can burst data on PCI. 
MLT is used when the PCMC becomes the PC! Bus master and is cleared and suspended when the PCMC is 
not asserting FRAME #. When the PCMC asserts FRAME #, the counter is enabled and begins counting. If the 
PCMC finishes its transaction before the count expires, the MLT count is ignored. If the count expires before 
the transaction completes the PCMC initiates a transaction termination as soon as its GNT # is removed. The 
number of clocks programmed in the MLT represents the guaranteed time slice (measured in PCI clocks) 1 
allotted to the PCMC, after which it must surrender the bus as soon as its GNT # is taken away. The number of 
clocks in the Master Latency Timer is the count value field multiplied by 16. 


7 4 3 0 Bit 


Count Value Sdeadcs, Se Default 


Reserved 


Master Latency Count Value (R/W) 
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Figure 3-14. Master Latency Timer Register 
Table 3-13. Master Latency Timer Register 


Bit | Description 


Master Latency Timer Count Value: If GNT # is negated during a PCMC-initiated PC! burst cycle, 
the PCMC limits the duration of the burst cycle to the number of PCI Bus clocks specified by this 
field, multiplied by 16. 


HEL vas, eee eer aeons < 28 lerermeieined aan eer aie Varn 
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3.2.11 BIST—BIST REGISTER 


Offset: OFh 
Default: Oh 
Attribute: Read Only 
Size: 8 Bits 


The BIST function is not supported by the PCMC. Writes to this register have no affect. 


Bit 
Default 


BIST Completion Code (RO) 
Not supported 


Reserved 


Start BIST (RO) 
Not supported 


BIST Supported (RO) 


Not supported 
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Figure 3-15. BIST Register 
Table 3-14. BIST Register 


Description 


BIST Supported: This read only bit is always set to 0, disabling the BIST function. Writes to this bit 


7 
al position have no affect. 


6 Start BIST: This function is not supported and writes have no affect. 
13:0 | Completion Code: This read only field always returns 0 when read and writes have no affect. | 
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3.2.12 HCS—HOST CPU SELECTION REGISTER 


Address Offset: 50h 
Default Value: 82h 
Attribute: Read/Write 
Size 8 Bits 


The HCS Register is used to specify the Host CPU type and speed. This 8-bit register is also used to enable 
and disable the first level cache. A hard reset selects the Pentium microprocessor as the Host CPU Type 
(bits[7:5] = 100), disables the first level cache, and selects 60 MHz as the Host CPU frequency. 


Host CPU Type (RO) Host CPU Frequency (R/W) 
100=Pentium Processor 0=60 MHz 


1=66 MHz 
Reserved 


First Level Cache Enable (R/W) 
1=Enabled 

=Disabled 
| 290479-16 


Figure 3-16. Host CPU Selection Register 
Table 3-15. Host CPU Selection Register 


Description 


Host CPU Type (HCT): This field defines the Host CPU Type. These bits are hardwired to 100, which 
selects the Pentium microprocessor. All other combinations are reserved. 


First Level Cache Enable (FLCE): FLCE enables and disables the first level cache. When FLCE = 1, 
the PCMC responds to CPU cycles with KEN # asserted for cacheable memory cycles. When FLCE = 
0, KEN # is always negated. This prevents new cache line fills to either the first level or second level 


Host Operating Frequency (HOF): If this bit is 1, the PCMC supports a 66 MHz CPU. If this bit is reset 
to 0, the PCMC supports a 60 MHz CPU. The DRAM refresh rate is adjusted according to the 
frequency selected by this field. 
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3.2.13 DFC—DETURBO FREQUENCY CONTROL REGISTER 


Address Offset: 51h 
Default Value: 80h 
Attribute: Read/Write 
Size: 8 Bits 


Some software packages rely on the operating speed of the processor to time certain system events. To 
maintain backward compatibility with these software packages, the PCMC provides a mechanism to emulate a 
slower operating speed. This emulation is achieved with the PCMC’s deturbo mode. The deturbo mode is 
enabled and disabled via the DM bit in the Turbo-Reset Control Register. When the deturbo mode is enabled, 
the PCMC periodically asserts AHOLD to slow down the effective speed of the CPU. The duty cycle of the 
AHOLD active period is controlled by the DFC Register. 


0 Bi 


Reserved 


Deturbo Mode Frequency 


Adjustment Value (R/W 
, (R/W) 290479-17 


Figure 3-17. Deturbo Frequency Control Register 
Table 3-16. Deturbo Frequency Control Register 


} Bit Description 


Deturbo Mode Frequency Adjustment Value: This 2-bit value effectively defines the duty cycle of 
the AHOLD signal. The value programmed into this register is compared against a free running 8-bit 
counter running at 1% the CPU clock. When the counter is greater than the value specified in this 
register, AHOLD is asserted. AHOLD is negated when the counter value is equal to or smaller than 


the contents of this register. AHOLD is negated when the counter rolls over to 00h. The deturbo 
emulation speed is directly proportional to the value in this register. Smaller values in this register 
yield slower deturbo emulation speed. Valid combinations for bits [7:6] are 01, 10, and 11. A value of 
00 is reserved and must be written to this field. 


P| Reset co ie AS siete ie voce 3 aia eee ntenk so) 
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3.2.14 SCC—SECONDARY CACHE CONTROL REGISTER 
Address Offset: 52h 


Default: SSS01*10 S = Strapping option 
. Attribute: Read/Write 
Size: 8 Bits 


This 8-bit register defines the secondary cache operations. The SCC register enables and disables the second 
level cache, adjusts cache size, selects the cache write and allocation policies, and defines the cache SRAM 


type. 


Secondary Cache Size (R/W) Secondary Cache Enable (R/W) 
00=Cache not populated 1=Cache enabled 
0 1=Reserved 0=Cache disabled 


10=256 KBytes Secondary Cache Write Policy (R/W) 
1=Write-back 


SRAM Type (R/W) 0=Write-through 

1=Burst SRAM Reserved 

7 eonare arae Cache Byte Control 
Secondary Cache Allocation 1=Byte Write Enable 
1=CACHE# Active or Inactive O=Byte Select 
O=CACHE# Active 


11=512 KBytes 
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Figure 3-18. Secondary Cache Control Register 
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Table 3-17. Secondary Cache Control Register 


7:6 | Secondary Cache Size (SCS): This field defines the size of the second level cache. The values 
sampled on the A[31:30] lines at the rising edge of PWROK are inverted and stored in this field. 


Bits[7:6] Secondary Cache Size 
00 Cache not populated 
01 Reserved 

10 256 KBytes 

11 512 KBytes 


SRAM Type (SRAMT): This bit selects between standard SRAMs or burst SRAMs to implement the 
secondary cache. When SRAMT is reset to 0, standard SRAMs are selected. When SRAMT is set to 1, 
burst SRAMs are selected. With burst SRAMs, CPU burst read and write cycle latencies are 3-1-1-1. 

With standard SRAMs the CPU burst read latency is 3-2-2-2 and the write latency is 4-2-2-2. The value 
sampled on A29 at the rising edge of PWROK is inverted and stored in this field. 


Secondary Cache Allocation (SCA): SCA controls when the PCMC performs line fills in the 
secondary cache. When SCA=0, secondary cache line fills occur only for cycles where CACHE # is 
active. When SCA = 1, secondary cache line fills occur for all CPU cycles to cacheable memory 

regardless of the state of CACHE #. 


Cache Byte Control (CBC): When programmed for asynchronous SRAMs, this bit defines whether 
the cache uses individual write enables per byte or has a single write enable and byte select lines per 
byte. When set to a 1, write enable control is used. When reset to 0, byte select control is used. 


Secondary Cache Write Policy (SCWP): SCWP selects between write-back and write-through cache 
policies for the secondary cache. When SCWP = 0 and the secondary cache is enabled (bit 0 = 1), 
the secondary cache is configured for write-through mode. When SCWP = 1 and the secondary 

cache is enabled (bit 0 = 1), the secondary cache is configured for write-back mode. 


Secondary Cache Enable (SCE): SCE enables and disables the secondary cache. When SCE = 1, 
the secondary cache is enabled. When SCE = 0, the secondary cache is disabled. When the 
secondary cache is disabled, the PCMC forwards all main memory cycles to the DRAM interface. Note 
that setting this bit to 0 does not affect existing valid cache lines. If a cache line contains modified 
data, the data is not written back to memory. Valid lines in the cache remain valid. When the 
secondary cache is disabled, the CWE[7:0] # lines will remain inactive. COE[1:0] # may still toggle. 


When system software disables secondary caching through this register during run-time, the software 
should first flush the second level cache. This process is accomplished by first disabling first level 
caching via the PCE bit in the HCS Register. This prevents the KEN # signal from being asserted, 
which disables any further line fills. At this point, software executes the WBINVD instruction to flush 
the caches. When the instruction completes, bit 0 of this register can be reset to 0, disabling the 
secondary cache. The first level cache can then be enabled by writing the PCE bit in the HCS Register. 
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3.2.15 HBC—HOST READ/WRITE BUFFER CONTROL 


Offset: 53h 
Default: 00h 
Attribute: Read/Write 
Size: 8 Bits 


The HBC Register enables and disables Host-to-main memory and Host-to-PCI posting of write cycles. When 
posting is enabled, the write buffers in the LBX devices post the data that is destined for either main memory 
or PCI. This register also permits a CPU-to-main memory read cycle to be performed before any pending 
posted write data is written to memory. 


Reserved Host-to-Memory Posting Enable (R/W) 
1=Enabled 


Read-around-Write Enable (R/W) 0=Disabled 
1=Enabled 


0=Disabled Host-to-PCi Posting Enable (R/W) 
1=Enabled 
Reserved 0=Disabled 
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Figure 3-19. Host Read/Write Buffer Control 


where posted write cycles are pending, internally snoops the write buffers. If the address of the read 
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Table 3-18. Host Read/Write Buffer Control 
differs from the posted write addresses, the PCMC initiates the memory read cycle ahead of the 
Host-to-PCI Posting Enable (HPPE): This bit enables and disables the posting of Host-to-PCl write 


Bit Description 
pending posted memory write. When RAWCM = 0, the pending posted write is written to memory 
data in the LBX posting buffers. When HPPE = 1, up to 4 Dwords of data can be posted to PCI. 
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Reserved. 

3 Read-Around-Write Enable (RAWCWM): If enabled, the PCMC, during a CPU read cycle to memory 
before the memory read is performed. When RAWCM = 1, the PCMC initiates the memory read 
ahead of the pending posted memory writes. 

When HPPE = 0, buffering is disabled and each CPU write does not complete until the PC! 
transaction completes (TRDY # is asserted). 


Host-to-Memory Posting Enable (HMPE): This bit enables and disables the posting of Host-to- 
main memory write data in the LBX posting buffers. When HMPE = 1, the CPU can posta single 
write or a burst write (4 Qwords). The CPU burst write completes at 4-1-1-1 when the second level 
cache is in write-back mode and at 3-1-1-1 when the second level cache is either disabled or in 
write-through mode. When HMPE = 0, Host-to-main memory posting is disabled and CPU write 
cycles do not complete until the data is written to memory. 
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3.2.16 PBC—PCi READ/WRITE BUFFER CONTROL REGISTER 


Address Offset: 54h 
Default Value: OOh 
Attribute: Read/Write 
Size: 8 Bits 


The PBC Register enables and disables PCl-to-main memory write posting and permits single CPU-to-PCl 
writes to be assembied into PCI burst cycles. 


PCl-to-Memory Posting Enable (R/W) 


1=Enabled 
0=Disabled 


LBXs Connected to TRDY# (R/W) PCi Burst Write Enable (R/W) 
1=LBXs are connected to TRDY# 1=Enabled 
O=LBXs are not connected to TRDY# 0=Disabled 
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Figure 3-20. PCI Read/Write Buffer Control Register 
Table 3-19. PCl Read/Write Buffer Control Register 


Bit | Description 
Reserved. : 


LBXs Connected to TRDY #: The TRDY # pin on the LBXs can be connected either to the PCI 
TRDY # signal or to ground. The cycle time for CPU-to-PCl writes is improved if TRDY # is 
connected to the LBXs. Since there are two LBXs used in a system, connecting this signal to the 
LBXs increases the electrical loading of TRDY # by two loads. When this bit is set to 1, the LBXs are 
externally hardwired to TRDY #. This enables the capability of CPU-to-PClI writes at 2-1-1-1... (PCI 
clocks). When this bit is reset to 0, the LBXs are not connected to TRDY # and CPU-to-PCl writes 
are completed at 2-2-2-2... timing. For designs where the LBXs TRDY # pin is connected to the PCI 


TRDY # signal, this bit must be set to 1 before the CPU writes to PCI. 


PCI Burst Write Enable (PBWE): This bit enables and disables PCI Burst memory write cycles for 
back-to-back sequential CPU memory write cycles to PCI. When PBWE is set to 1, PCI burst writes 
are enabled. When PBWE is reset to 0, PCI burst writes are disabled and each single CPU write to 
PCI invokes a single PCI write cycle (each cycle has an associated FRAME # sequence). 


PCI-to-Memory Posting Enable (PMPE): This bit enables and disables posting of PCl-to-memory 
write cycles. The posting occurs in a pair of four Dword-deep buffers in the LBXs. When PMPE is set 
to 1, these buffers are used to post PCI-to-main memory write data. When PMPE is reset to 0, PCI 
write transactions to main memory are limited to single transfers. The PCMC asserts STOP # with 
the first TRDY # to disconnect the PCI Master. 
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3.2.17 DRAMC—DRAM CONTROL REGISTER 


Address Offset: 57h 
Default Value: 31h 
Attribute: Read/Write 
Size: 8 Bits 


82434LX 


This 8-bit register controls main memory DRAM operating modes and features. 


Reserved 


Parity Error Mask Enable (R/W) 
1=Enabled 
0=Disabled 


0-Active RAS# (R/W) 
1=0-Active RAS# Mode 
0=1-Active RAS# Mode 


Refresh Enable (R/W) 
1=Enabled 
=Disabled 


Refresh Type (R/W) 
1=CAS# before RAS# refresh 


0=RAS# only refresh 


Burst of Four Refresh (R/W) 
1=Burst of four refresh 
0=Single refresh 


SMRAM Enable (R/W) 
1=Enabled 
0=Disabled 
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Figure 3-21. DRAM Control Register 
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Table 3-20. DRAM Control Register 


ee ee ee 
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' Parity Error Mask (PERRM): When PERRM = 1, parity errors generated during DRAM read cycles 


initiated by either the CPU request or a PCI Master are masked. This bit affects bits 0 and 1 of the Error 
Command Register and the ability of the PCMC to respond to PCHK# and assert SERR# when a 
DRAM parity error occurs. When PERR\M is reset to 0, parity errors are not masked. 


0-Active RAS # Mode: This bit determines if the DRAM page for a particular row remains open (i.e. 
RAS # remains asserted after a DRAM cycle) enabling the possibility that the next DRAM access may 
be either a page hit, a page miss, or a row miss. The DRAM interface is then in 1-active RAS # mode. If 
this bit is reset to 0, RAS # remains asserted after a DRAM cycle. If this bit is set to 1, RAS # is 

negated after every DRAM cycle, resulting in a row miss = every DRAM cycle. The DRAM interface is 
then in 0-active RAS # mode. 


SMRAM Enable (SMRE): When SMRE is set 1, CPU accesses to a 64 KByte block of data at the top 
of memory are qualified with the SMIACT # pin of the CPU. Read and write cycles to this 64 KByte 
block functions normally if SMIACT # is asserted. If SMIACT # is negated when accessing this block, 
the cycle is forwarded to PCI. When SMRE is reset to 0, accesses to the upper 64 KByte block are 
treated normally and SMIACT # has no effect. This bit must be set to 1 to enable the use of the 
SMRAM space register at configuration space offset 72h. 


Burst of Four Refresh (BFR): When BFR is set to 1, refreshes are performed in sets of four, ata 
frequency 1/, of the normal refresh rate. The PCMC defers refreshes to idle times, if possible. When 
BFR is reset to 0, single refreshes occur at 15.6 ys refresh rate. 


Refresh Type (RT): When RFT is set to 1, the PCMC uses CAS # before RAS # timing to refresh the 
DRAM array. For this refresh type, the PCMC does not supply refresh addresses. When RT is reset to 
0, RAS# only refresh is used and the PCMC drives refresh addresses on the MA[10:0] lines. RAS # 
only refresh can be used with any type of second level cache configuration (i.e., no second level cache 
is present, or either a burst SRAM or standard SRAM second level cache is implemented). CAS #- 
before-RAS # refresh can be enabled when either no second level cache is present or a burst SRAM 
second level cache is implemented. CAS # -before-RAS # refresh should not be used when a standard 
SRAM second level cache is implemented. 


Refresh Enable (RE): When RE is set to 1, the main memory array is refreshed as configured via bits 
1 and 2 of this register. When RE is reset to 0, DRAM refresh is disabled. Note that disabling refresh 
results in the loss of DRAM data. 


3.2.18 DT—DRAM TIMING REGISTER 


Address Offset: 58h 
Default Value: OOh 
Attribute: Read/Write 
Size: 8 Bits 


This register controls the leadoff latency for CPU DRAM accesses. 


DRAM Leadoff Waitstate (R/W) 


Renan ved 290479-15 


Figure 3-22. DRAM Timing Register 
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Table 3-21. DRAM Timing Register 


Description 
: 


DRAM Leadoff Waitstate (DLW): When set, the PCMC will add an extra wait state to all CPU 
DRAM accesses. An extra clock is inserted between when the PCMC drives the column addresses 
and when CAS[7:0] # are asserted. 


3.2.19 PAM—PROGRAMMABLE ATTRIBUTE MAP REGISTERS (PAMI[6:0]) 


Address Offset: 59h-—5Fh 
Default Value: .PAMO = OFh, PAM[1:6] = Oh 
Attribute: Read/Write 


The PCMC allows programmable memory and cacheability attributes on 14 memory segments of various sizes 
in the 512 KByte to 1 MByte address range. Seven Programmable Attribute Map (PAM) Registers are used to 
support these features. Three bits are used to specify cacheability and memory attributes for each memory 
segment. These attributes are: 


RE— Read Enable: When RE = 1, the CPU read accesses to the corresponding memory segment are 
directed to main memory. Conversely, when RE = 0, the CPU read accesses are directed to PCI. 


WE— Write Enable: When WE = 1, the CPU write accesses to the corresponding memory segment are 
directed to main memory. Conversely, when WE = 0, the CPU write accesses are directed to PCI. 


CE— Cache Enable: When CE = 1, the corresponding memory segment is cacheable. CE must not be set 
to 1 when RE is reset to 0 for any particular memory segment. When CE = 1 and WE = 0, the 
corresponding memory segment is cached in the first and second level caches only on CPU code read 
cycles. 


The RE and WE attributes permit a memory segment to be Read Only, Write Only, Read/Write, or disabled. 
For example, if a memory segment has RE = 1 and WE = 0, the segment is Read Only. The characteristics 
for memory segments with these read/write attributes are described in Table 3-22. 


Table 3-22. Attribute Definition 


Read/Write 
Attribute 


Read Only Read cycles: CPU cycles are serviced by the DRAM in a normal manner. 


Write cycles: CPU initiated write cycles are ignored by the DRAM interface as well as the 
cache. Instead, the cycles are passed to PCI for termination. 
Areas marked as Read Only are cacheable for Code accesses only. These regions may be 
Read cycles: All read cycles are ignored by the DRAM interface as well as the second level 
cache. CPU-initiated read cycles are passed onto PCI for termination. The write only state 
can be used while copying the contents of a ROM, accessible on PCI, to main memory for 
shadowing, as in the case of BIOS shadowing. 
Write cycles: CPU write cycles are serviced by the DRAM and cache in a normal manner. 
Read/Write | This is the normal operating mode of main memory. Both read and write cycles from the 
CPU and PCI are serviced by the DRAM and cache interface. 
Disabled All read and write cycles to this area are ignored by the DRAM and cache interface. These 
cycles are forwarded to PCI for termination. 


4 


cached in the second level cache, however as noted above, writes are forwarded to PCI, 
effectively write protecting the data. 
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Each PAM Register controls two regions, typically 16 KByte in size. Each of these regions have a 4-bit field. 
The four bits that control each region have the same encoding and are defined in Table 3-23. 


Table 3-23. Attribute Bit Assignment 


Bits [7,3] Bits [6,2] Bits [5,1] Bits [4,0] | 
Cache Enable | Write Enable | Read Enable peacripuon 


DRAM disabled, accesses directed to 
PCI 


read only, DRAM write protected, 
non-cacheable 


1 1 read only, DRAM write protected, 
cacheable for code accesses only 
i RS OO ie een ee 
Pox | oo ft Tt reac/write, non-cacheable 
pe ee ole | ta 4 ieee i ipucetiealy 
NOTE: 


To enable PCI master access to the DRAM address space from C0000h to FFFFFh the MEMCS# 
configuration registers of the ISA or EISA bridge must be properly configured. These registers must 
correspond to the PAM Registers in the PCMC. 


As an example, consider a BIOS that is implemented on the expansion bus. During the initialization process 
the BIOS can be shadowed in main memory to increase the system performance. When a BIOS is shadowed 
in main memory, it should be copied to the same address location. To shadow the BIOS, the attributes for that 
address range should be set to write only. The BIOS is shadowed by first doing a read of that address. This 
read is forwarded to the expansion bus. The CPU then does a write of the same address, which is directed to 
main memory. After the BIOS is shadowed, the attributes for that memory area are set to read only so that all 
writes are forwarded to the expansion bus. 
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Read Enable (R/W) 


1=Enabl 
Cache Enable (R/W) beam bari 


1=Enable 
0=Disable Write Enable (R/W) 
1=Enable 
Write Enable (R/W) 0=Disable 
1=Enable 
0=Disable Cache Enable (R/W) 
1=Enable 
Read Enable (R/W) 0=Disable 


1=Enable 
0=Disable Reserved 


290479-22 
Figure 3-23. PAM Registers 
Table 3-24. PAM Registers and Associated Memory Segments 


ee ae ee 
ace Wee 
R CE WE _ RE ISA Add-on BIOS 
ae WEE 
ace We RE 
RCE WE RE 

WE RE : 5Fh 

WE RE - 5Fh 


PAM6I3:0] | R CE OE8000h-OEBFFFh | BIOSExtension | 5Fh 
PAM6[7:4] OECOO0h-OEFFFFh | BIOSExtension | 5Fh 
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DOS Application Area (00000h-9FFFh) © 


The 640 KByte DOS application area is split into two regions. The first region is 0 KByte-512 KByte and the 
second region is 512 KByte-640 KByte. Read, write, and cacheability attributes are always enabled and are 
not programmable for the 0 KByte-—512 KByte region. 


Video Buffer Area (A0000h-BFFFFh) 


This 128 KByte area is not controlled by attribute bits. CPU-initiated cycles in this region are always forwarded 
to PCI for termination. This area is not cacheable. 


Expansion Area (CO0000h-DFFFFh) 


This 128 KByte area is divided into eight 16 KByte segments. Each segment can be assigned one of four 
Read/Write states: read-only, write-only, read/write, or disabled. Memory that is disabled is not remapped. 
Cacheability status can also be specified for each segment. 


Extended System BIOS Area (E0000h-EFFFFh) 


This 64 KByte area is divided into four 16 KByte segments. Each segment can be assigned independent 
cacheability, read, and write attributes. Memory segments that are disabled are not remapped elsewhere. 


System BIOS Area (FO000h-FFFFFh) 


This area is a single 64 KByte segment. This segment can be assigned cacheability, read, and write attributes. 
When disabled, this segment is not remapped. 


Extended Memory Area (100000h-FFFFFFFFh) 


The extended memory area can be split into several parts; 

e Flash BIOS area from 4 GByte to 4 GByte-—512 KByte (aliased on ISA at 16 MByte-—15.5 MByte) 

¢ DRAM Memory from 1 MByte to a maximum of 192 MBytes 

e PCI Memory space from the top of DRAM to 4 GByte-512 KByte 

¢ Memory Space Gap between the range of 1 MByte up to 15.5 MByte 

e Frame Buffer Range mapped into PC! Memory Space or the Memory Space Gap. 

On power-up or reset the CPU vectors to the Flash BIOS area, mapped in the range of 4 GByte to 4 GByte- 
512 KByte. This area is physically mapped on the expansion bus. Since these addresses are in the upper 
4 GByte range, the request is directed to PCI. 


The DRAM memory space can occupy extended memory from a minimum of 2 MByte up to 192 MBytes. This 
memory is cacheable. 


The address space on PCI between the Flash BIOS (4 GByte to 4 GByte-—512 KByte) and the top of DRAM 
(including any remapped memory) may be occupied by PCI memory. This memory space is not cacheable. 
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3.2.20 DRB—DRAM ROW BOUNDARY REGISTERS 


Address Offset: 60-65h 

Default Value: O2h 

Attribute: Read/Write 

Size: 8 Bits 

The PCMC supports 6 rows of DRAM. Each row is 64 bits wide. The DRAM Row Boundary Registers define 


upper and lower addresses for each DRAM row. Contents of these 8-bit registers represent the boundary 
addresses in MBytes. 


DRBO = Total amount of memory in row 0 (in MBytes) 

DRB1 = Total amount of memory in row 0 + row 1 (in MBytes) 

DRB2 = Total amount of memory in row 0 + row 1 + row 2 (in MBytes) 

DRB3 = Total amount of memory in row 0 + row 1 + row 2 + row 3 (in MBytes) 

DRB4 = Total amount of memory in row 0 + row 1 + row 2 + row3 + row 4 (in MBytes) 

DRB5 = Total amount of memory in row 0 + row 1 + row 2 + row3 + row 4 + row 5 (in MBytes) 


The DRAM array can be configured with 256K x 36, 1M x 36 and 4M x 36 SIMMs. Each register defines an 
address range that will cause a particular RAS # line to be asserted (e.g. if the first DRAM row is 2 MBytes in 
size then accesses within the 0 to 2 MBytes range will cause RASO# to be asserted). The DRAM Row 
Boundary (DRB) Registers are programmed with an 8-bit upper address limit value. This upper address limit is 
compared to A[27:20] of the Host address bus, for each row, to determine if DRAM is being targeted. Since 
this value is 8 bits and the resolution is 1 MByte, the total bits compared span a 256 MByte space. However, 
only 192 MBytes of main memory is supported. 


Row Boundary Address 


in MBytes (R/W) 290479-23 


Figure 3-24. DRAM Row Boundary Register 
_ Table 3-25. DRAM Row Boundary Register 


Bit | Description 


Row Boundary Address in MBytes: This 8-bit value is compared against address lines A[27:20] to 


determine the upper address limit of a particular row, i.e., this DRB — previous DRB = row size. Bits 
7,6, 4, 2 and 0 of DRBO are reserved. Bits 7 and 0 of DRB1 are reserved and Bit 0 is reserved in 
DRB2 through DRBS5. 
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Row Boundary Address in MBytes 


These 8-bit values represent the upper address limits of the six rows (i.e., this row — previous row = row size). 
Unpopulated rows have a value equal to the previous row (row size = 0). The value programmed into DRB5 
reflects the maximum amount of DRAM in the system. Memory remapped at the top of DRAM, as a result of 
setting the Memory Space Gap Register, is not reflected in the DRB Registers. The top of memory is always 
determined by the value written into DRB5 added to the memory space gap size (if enabled). 


As an example of a general purpose configuration where 3 physical rows are configured for either single-sided 
or double-sided SIMMs, the memory array would be configured like the one shown in Figure 3-25. In this 
configuration, the PCMC drives two RAS# signals directly to the SIMM rows. If single-sided SIMMs are 
populated, the even RAS# signal is used and the odd RAS# is not connected. If double-sided SIMMs are 
used, both RAS# signals are used. 3 


SIMM-5 Back SIMM-4 Back 
SIMM-5 Front SIMM-4 Front 


SIMM-3 Back SIMM-2 Back 


SIMM-3 Front SIMM-2 Front 


SIMM-1 Back SIMM-0 Back 
SIMM-1 Front SIMM-0 Front 


290479-24 


Figure 3-25. SIMMs and Corresponding DRB Registers 


The following 2 examples describe how the DRB Registers are programmed for cases of single-sided and 
double-sided SIMMs on a motherboard having a total of 6 SIMM sockets. 
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Example #1 


The memory array is populated with six single-sided 256 KByte x 36 SIMMs. Two SIMMs are required for each 
populated row making each populated row 2 MBytes in size. Filling the array yields 6 MBytes total DRAM. The 
DRB Registers are programmed as follows: 


DRBO = 02h __ populated 

DRB1 = 02h empty row, not double-sided SIMMs 

DRB2 = 04h ___ populated 

DRB3 = 04h empty row, not double-sided SIMMs 

DRB4 = 06h ___ populated 

DRB5 = 06h_~—_ empty row, not double-sided SIMMs, maximum memory = 6 MBytes 


Example #2 


As an another example, if the first four SIMM sockets are populated with 2M x 36 double-sided SIMMs and the 
last two SIMM sockets are populated with 4M x 36 single-sided SIMMs then filling the array yields 64 MBytes 
total DRAM. The DRB Registers are programmed as follows: 


DRBO = 08h __ populated with 8 MBytes, 1/2 of the double-sided SIMMs 

DRB1 = 10h _ the other 8 MBytes of the double-sided SIMMs 

DRB2 = 18h __ populated with 8 MBytes, 1/2 of the double-sided SIMMs 

DRB3 = 20h _ the other 8 MBytes of the double-sided SIMMs 

DRB4 = 40h ___ populated with 32 MBytes 

DRB5 = 40h_— empty row, not double-sided SIMMs, maximum memory = 64 MBytes 
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3.2.21 ERRCMD—ERROR COMMAND REGISTER 


Address Offset: 70h 
Default Value: OOh 
Attribute: Read/Write 
Size: 8 Bits 


The Error Command Register controls the PCMC responses to various system errors. Bit 6 of the PCICMD 
Register in the master enable for bit 3 of this register. Bit 6 of the PCICMD Register must be set to 1 to enable 
the error reporting function defined by bit 3 of this register. Bits 6 and 8 of the PCICMD Register are the master 
enables for bits 7, 6, 5, 4 and 1 of this register. Both bits 6 and 8 of the PCICMD Register must be set to 1 to 
enable the error reporting functions defined by bits 7, 6, 5, 4 and 1 of this register. 


Bit 
Default 


SERR# on Received MCHK on DRAM/L2 Cache 
Target Abort (R/W) Data Parity Error 
1=Enabled Enable (R/W) 

0=Disabled 1=Enabled 


0=Disabled 
_ SERR# on Transmitted 


PCI Data Parity Error (R/W) SERR# on DRAMI/L2 Cache Data 
1=Enabled Parity Error Enable (R/W) 


0=Disabled 1=Enabled 


0=Disabled 
SERR# on Transmitted 
PCI Data Parity Error (R/W) L2 Cache Parity (R/W) 
1=Enabled 1=L2 cache implements parity (either 
0=Disabled bit 1 or O may apply to L2 reads) 
0=L2 cache does not implement parity 

SERR# on PCI Address 

Fel deat ed (RAY) PERR# on Receiving a 

0=Disabled airs Error (RW) 

0=Disabled 
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Figure 3-26. Error Command Register 
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Table 3-26. Error Command Register 


SERR# on Received Target Abort: When this bit is set to 1 (and bits 6 and 8 of the PCICMD 
Register are set to 1), the PCMC asserts SERR# upon receiving a target abort. When this bit is reset 
to 0, the PCMC is disabled from asserting SERR # upon receiving a target abort. 


SERR # on Transmitted PCI Data Parity Error: When this bit is set to 1 (and bits 6 and 8 of the 
PCICMD Register are set to 1), the PCMC asserts SERR# when it detects a data parity error as a 
result of a CPU-to-PCl write (PERR# detected asserted). When this bit is reset to 0 the PCMC is 
disabled from asserting SERR # when data parity errors are detected via PERR#. 


SERR # on Received PCI Data Parity Error: When this bit is set to 1 (and bits 6 and 8 of the 
PCICMD Register are set to 1), the PCMC asserts SERR # when it detects a data parity error asa 
result of a CPU-to-PCl read (PAR incorrect with received data). In this case, the SERR# signal is 
asserted when parity errors are detected on PCI return data. When this bit is reset to 0, the PCMC is 
disabled from asserting SERR # when data parity errors are detected during a CPU-to-PCl read. 


SERR # on PCI Address Parity Error: When this bit is set to 1 (and bits 6 and 8 of the PCICMD 
Register are set to 1), the PCMC asserts SERR# when an address parity error is detected on PCI 
transactions. When this bit is reset to 0, the PCMC is disabled from asserting SERR # when address 
parity errors are detected on PCI transactions. 


PERR# on Receiving a Data Parity Error: This bit indicates whether the PERR # signal is 
implemented in the system. When this bit is set to 1 (and bit 6 of the PCICMD Register is also set to 
1), the PCMC asserts PERR# when it detects a data parity error (PAR incorrect with received data), 
either from a CPU-to-PCl read or a PCI master write to memory. When this bit is reset to 0 (or bit 6 of 
the PCICMD Register is reset to 0), the PERR # signal is not asserted by the PCMC. 


L2 Cache Parity Enable: This bit indicates that the second level cache implements parity. When 
this bit is set to 1, bit 0 and bit 1 of this register control the checking of parity errors during CPU reads 
from the second level cache. If this bit is 0, parity is not checked when the CPU reads from the 
second level cache (PCHK # ignored) and neither bit 1 nor bit 0 apply. 


SERR # on DRAM/L2 Cache Data Parity Error Enable: This bit enables and disables the SERR # 
signal for parity errors on reads from main memory or the second level cache. When this bit is set to 
1 (and bits 6 and 8 of the PCICMD Register are set to 1), and bit 0 of this register is set 1, SERR# is 
enabled upon a PCHK # assertion from the CPU when reading from main memory or the second 
level cache. The processor indicates that a parity error was received by asserting PCHK#. The 
PCMC then latches status information in the Error Status register and asserts SERR #. When this bit 
is reset to 0, SERR # is not asserted upon detecting a parity error. 10 is a reserved combination of 
bits [1:0] of this register. 


0 = Disable assertion of SERR# upon detecting a DRAM/second level cache read parity error. 
1 = Enable assertion of SERR# upon detecting a DRAM/second level cache read parity error. 


MCHK on DRAM/L2 Cache Data Parity Error Enable: When this bit is set to 1, PEN # is asserted 
for data returned from main memory or the second level cache. The processor indicates that a parity 
error was received by asserting the PCHK # signal. In addition, the processor invokes a machine 
check exception if enabled via the MCE bit in CR4 in the Pentium processor. The PCMC then latches 
status information in the Error Status Register. When this bit is reset to 0, PEN # is not asserted. 10 
is a reserved combination of bits [1:0] of this register. 
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3.2.22 ERRSTS—ERROR STATUS REGISTER 


_ Address Offset: 71h 

Default Value: OOh 

Attribute: Read/Write Clear 
Size: 8 Bits 


The Error Status Register is an 8-bit register that reports the occurrence of PCI, second level cache, and 
DRAM parity errors. This register also reports the occurrence of a CPU shutdown cycle. 


Bit 


Default 


Shutdown Cycle 


PCI Transmitted Data Dessoned (hw) 


1=Shutdown Cycle 
Parity Error (R/WC) 
1=Data Parity Error 0=No Shutdown Cycle 


=No Data Parity Error Reserved 
Reserved L2 Cache Data Parity Error (R/WC) 


1=L2 Cache Data Parity Error 
0=No L2 Cache Data Parity Error 


DRAM Data Parity Error (R/WC) 
1=DRAM Data Parity Error 
O=No DRAM Data Parity Error 
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Figure 3-27. Error Status Register 
Table 3-27. Error Status Register 


Description 
Reserved. 


PCI Transmitted Data Parity Error: The PCMC sets this bit to a 1 when it detects a data parity 
error (PERR# asserted) as a result of a CPU-to-PCI write. Software resets this bit to 0 by writing a 1 


| Bit | 


- DRAM Data Parity Error: The PCMC sets this bit to a 1 when it detects a parity error from the CPU 
Ps resets this bit to 0 by writing a 1 to it. 


PCHK # signal resulting from a CPU-to-main memory read. Software resets this bit to 0 by writing a 1 


to it. 
“ Shutdown Cycle Detected: The PCMC sets this bit to a 1 when it detects a shutdown special cycle 


to it. 
L2 Cache Data Parity Error: The PCMC sets this bit to a 1 when it detects a parity error from the 
on the Host Bus. Under this condition the PCMC drives a shutdown special cycle on PCI and asserts 


ERMA eect da Be enn eal Sy a aeRO Ae 
CPU PCHK # signal resulting from a CPU read access that hit in the second level cache. Software 
INIT. Software resets this bit to 0 by writing a 1 to it. 
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3.2.23 SMRS—SMRAM SPACE REGISTER 


Address Offset: 72h 
Default Value: OOh 
Attribute: R/W 
Size: 8 Bits 


The PCMC supports a 64 KByte SMRAM space which can be selected to reside at the top of main memory, 
AOO00-AFFFFh or BOOOO-BFFFFh. The SMRAM space defined by this register is not cacheable. This regis- 
ter defines a mechanism which allows the CPU to execute code out of the SMRAM space at either AO000h or 
BOO00h while accessing the frame buffer on PCI. The SMRAM Enable bit in the DRAM Control register must 
be set to 1 to enable the features defined by this register. 


Default 


Reserved SMM Base Segment (R/W) 
(See table below) 


Open SMRAM Space (R/W) 


1 = SMRAM Access Open Lock SMRAM Space (R/W) 
0 = SMRAM Access in SMM Only 1 = SMRAM Locked 
0 = SMRAM Not Locked 


Close SMRAM Space (R/W) 
1 = Data Access to PCI 


0 = Data Access to SMRAM 290479-A2 


Figure 3-28. SMRAM Space Register 
Table 3-28. SMRAM Space Register 


T (ies ~~~ Ere eee 
Reserved. | 


we Open SMRAM Space (OSS): When set to 1, the CPU can access SMRAM space without being in 


SMM mode. That is, access to SMRAM are permitted even with SMIACT # inactive. This bit is 


intended to be used during POST to allow the CPU to initialize SMRAM space before the first SMI # 
, 4-414 


interrupt is issued. 


Close SMRAM SPACE (CSS): When this bit is set to 1 and SMRAM is enabled, CPU code accesses 
to the SMRAM memory range are directed to SMRAM in main memory and data accesses are 
forwarded to PCI. This bit allows the CPU to read and write the frame buffer on PCI while executing 
SMM code. When reset to 0, and SMRAM is enabled, all accesses to the SMRAM memory range, 
both code and data, are directed to SMRAM (main memory). 


Lock SMRAM Space (LSS): When set to 1, this bit prevents the SMRAM space from being 
manually opened, effectively disabling bit 5 of this register. Only a power-on reset can reset this bit 
to 0. 


SMM Base Segment (SBS): This field defines the 64 KByte base segment where SMRAM is 
located. The memory area defined by this field is non-cacheable. 

Bits SMRAM Location 

000 Top of Main Memory 

001 Reserved 

010 AQOOO-AFFFFh 

011 BOOOO-BFFFFh 

100 Reserved 
101 Reserved 
110 Reserved 
111 Reserved 
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3.2.24 MSG—MEMORY SPACE GAP REGISTER 


Address Offset: 78-79h 
Default Value: OOh 
Attribute: Read/Write 
Size: 16 Bits 


The Memory Space Gap Register defines the starting address and size of a gap in main memory. This register 
accommodates ISA devices that have their memory mapped into the 1 MByte to 15.5 MByte range (e.g., an 
ISA LAN card or an ISA frame buffer). The Memory Space Gap register defines a hole in main memory that 
transfers the cycles in this address space to the PCI Bus instead of main memory. This area is not cacheable. 


The memory space gap starting address must be a multiple of the memory space gap size. For example, a 
2 MByte gap must start at 2, 4, 6, 8, 10, 12, or 14 MBytes. 


NOTE: 
Memory that is disabled by the gap created by this register is remapped to the top of memory. This 
remapped memory is accessible, except in the case where this would cause the top of main memory to 
exceed 192 MBytes. 


Reserved 
Memory Space Gap 


Starting Address (R/W) 
MSGSA=A[23:20] 


Reserved 


Memory Space Gap Size (R/W) 
000=1 MBytes 

Memory Space Gap Enable (R/W) 001=2 MBytes 

1=Enabled 011=4MBytes 

0=Disabled 111=8 MBytes 
(all other combinations are reserved) 
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Figure 3-29. Memory Space Gap Register 
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Table 3-29. Memory Space Gap Register 


Re Ch emia tee ee ae 


Memory Space Gap Enable (MSGE): MSGE enables and disables the memory space gap. When 
MSGE is set to 1, the CPU accesses to the address range defined by this register are forwarded to 
PCI bus. The size of the gap created in main memory causes a corresponding amount of DRAM to 
be remapped at the top of main memory (top specified by DRB Registers). If the Frame Buffer 
Range is programmed below 16 MBytes and within main memory space, the MSG register must 
include the Frame Buffer Range. When MSGE is reset to 0, the memory space gap is disabled. 


14:12 | Memory Space Gap Size (MSGS): This 3-bit field defines the size of the memory space gap. If the 
Frame Buffer Range is programmed below 16 MBytes and within main memory space, this register 
must include the frame buffer range. The amount of main memory specified by these bits is 
remapped to the top of main memory. 


Bit[14:12] _Memory Gap Size 


000 1 MBytes 
001 2 MBytes 
O17 4 MBytes 
111 8 MBytes 


(all other combinations are reserved) 


Memory Space Gap Starting Address (MSGSA): These 4 bits define the starting address of the 
memory space gap in the space from 1 MByte to 16 MByte. These bits are compared against 
A[23:20]. The memory space gap starting address must be a multiple of the memory space gap 
size. For example, a 2 MByte gap must start at 2, 4, 6, 8, 10, 12, or 14 MBytes. 


me imma e oe 


BAN 
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3.2.25 FBR—FRAME BUFFER RANGE REGISTER 


Address Offset: 7C-7Fh 
Default Value: O0000h 
Attribute: Read/Write 
Size: 82 Bits 


This 32-bit register enables and disables a frame buffer area and provides attribute settings for the frame 
buffer area. The attributes defined in this register are intended to increase the performance of the frame buffer. 
The FBR Register can be used to accommodate PCI devices that have their memory mapped onto PCI from 
the top of DRAM to 4 GByte-512 KByte range (e.g., a linear frame buffer). If the Frame Buffer Range is 
located within the 1 MByte to 16 MByte main memory region where DRAM is populated, the Memory Space 
Gap Register must be programmed to include the Frame Buffer Range. 


20 19 13 2 11.40 8:6 “76 43 0 Bit 


cee] Se Se 


Buffer Offset (R/W) Reserved Buffer Range (R/W) 
A[31:20] 0000=1 MB 


0001=2 MB 
Byte Merging (R/W) 0011=4 MB 
1=Enabled 0111=8 MB 
0=Disabled 1111=16 MB 


128K VGA Range Attribute Enable (R/W) Reserved 


1=Enabled 
0=Disabled Transparent Buffer 


Reserved Writes (R/W) 
1=Flush not required 
0=Flush required 


CPU-to-PCI Prefetch (R/W) 
1=Prefetch enabled 

No LOCK Requests (R/W) 0=Prefetch disabled 

1=No LOCK Request enabled 

0=No LOCK Request disabled 
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Figure 3-30. Frame Buffer Range Register 


Memory Space 


Frame Buffer Range 
(1, 2, 4, 8, or 16 MByte 


size within this region) 


NOTE: 
Frame buffer must be located above main memory or within the memory space gap. 


Figure 3-31. Frame Buffer Range 
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Description 

Buffer Offset (BO): BO defines the starting address of the frame buffer address space in 
increments of 1 MByte. This 12-bit field is compared directly against A[31:20]. The frame buffer 
range can either be located at the top of memory, including remapped memory or within the memory 
space gap (i.e., frame buffer range programmed below 16 MByte and within main memory space. 
disabled. 

19:14 
Byte siruiag (BM): Byte merging permits CPU-to-PCI byte writes to the LBX posted write buffer to 
be combined into a single transfer on the PCi Bus, when appropriate. When BM is set to 1, byte 
merging on CPU-to-PCI posted write cycles is enabled. When BM is reset to 0, byte merging is 
128K VGA Range Attribute Enable (VRAE): When VRAE = 1, the attributes defined in this 
register (bits [13, 10:7]) also apply to the VGA memory range of ADOOOh-BFFFFh regardless of the 
value programmed in the Buffer Offset field. When VRAE = 0, the attributes do not apply to the 
VGA memory range. Note that this bit only affects the mentioned attributes of the VGA memory 
range and does not enable or disable accesses to the VGA memory range. 

14:10 
No LOCK Requests (NLR): When NLR is set to 1, the PCMC never requests exclusive access to a 
0, exclusive access via the PC] LOCK # signal in the range defined by this register is enabled. 

CPU-to-PCI Prefetch (CPP): This bit enables and disables CPU-to-PCl read prefetch. When CPP is 
set to 1, CPU-to-PCl reads cause read prefetching into the 4 Dword-deep buffer in the LBX. When 
CPP is reset to 0, prefetching is disabled. 


In 
Table 3-30. Frame Buffer Range Register 
When these bits are reset to 000h and bit 12 is reset to 0, all features defined by this register are 
disabled. 
PCI resource via the PCI LOCK # signal in the range defined by this register. When NLR is reset to 
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Transparent Buffer Writes (TBW): When set to 1, this bit indicates that writes to the Frame Buffer 
Range need not be flushed for deadlock or coherence reasons on synchronization events (i.e., PCI 
master reads, and the FLSHBUF #/MEMREQ # protocol). 


When reset to 0, this bit indicates that upon synchronization events flushing is required for Frame 
Buffer writes posted in the CPU- to-PCl Write Buffer in the LBX. 


Buffer Range (BR): These bits define the size of the frame buffer address space, allowing up to 
16 MBytes of frame buffer. If the frame buffer range is within the memory space gap, the buffer 
range is limited to 8 MBytes and must be included within the memory space gap size. The bits listed 
below in the Reserved Buffer Offset (BO) Bits column are ignored by the PCMC for the 
corresponding buffer sizes. 


Reserved Buffer 
Bits[3:0] BufferSize Offset (BO) Bits 


0000 1 MBytes None 
0001 2 MBytes [20] 

0011 4 MBytes [21:20] 
0111 8 MBytes [22:20] 
1111 16MBytes [23:20] 


(all other combinations are reserved) 
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4.0 PCMC ADDRESS MAP 


The Pentium processor has two distinct physical ad- 
dress spaces: Memory and |/O. The memory ad- 
dress space is 4 GBytes and the I/O address space 
is 64 KBytes. The PCMC maps accesses to these 
address spaces as described in this section. 


4.1 CPU Memory Address Map 


Figure 4-1 shows the address map for the 4 GByte 
Host CPU memory address space. Depending on 
the address range and whether a memory gap is 
enabled via the MSG Register, the PCMC forwards 
CPU memory accesses to either main memory or 
PCI memory. Accesses forwarded to main memory 


192 MB 


, 16 MByte 
' Memory Space Gap End 


Memory Space Gap Base 


1024 KB 


512 KB 
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invoke operations on the DRAM interface and ac- 
cesses forwarded to PCI memory invoke operations 
on PCI. Mapping to the PCI Bus permits PCI or 
EISA/ISA Bus-based memory. 


The main memory size ranges from 2 to 
192 MBytes. Memory accesses above 192 MBytes 
are always forwarded to PCI. In addition, a memory 
gap can be created in the 1 MByte to 16 MByte re- 
gion that provides a window to PCl-based memory. 
The location and size of the gap is programmable. 
Accesses to addresses in the gap are ignored by the 
DRAM controller and forwarded to PCI. Note that 
CPU memory accesses that are forwarded to PCI 
(including the Memory Space Gap) are not cache- 
able. Only main memory controlled by the PCMC 
DRAM interface is cacheable. 


| Main Memory 
Upper Limit 


Main Memory ___| 


Main Memory 
or PCI Memory 
(PC Compatibility Range) 


Main Memory - 


(PC Compatibility Range) 
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Figure 4-1. CPU Memory Address Map—Full Range 
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4.2 System Management RAM— 
SMRAM 


The PCMC supports the use of main memory as 
System Management RAM (SMRAM) enabling the 
use of System Management Mode. This function is 
enabled and disabled via the DRAM Control Regis- 
ter. When this function is disabled, the PCMC mem- 
ory map is defined by the DRB and PAM Registers. 
When SMRAM is enabled, the PCMC reserves the 
top 64 KBytes of main memory for use as SMRAM. 


SMRAM can also be placed at A0000h through 
AFFFFh or BO0O00h through BFFFFh via the 
SMRAM Space Register at configuration space off- 
set 72h. Enhanced SMRAM features can also be 
enabled via the SMRAM Space Register. 


4.3 PC Compatibility Range 


The PC Compatibility Range is the first MByte of the 
Memory Map. The 512 KByte to 1 MByte range is 
subdivided into several regions as shown in Figure 
4-2. Each region is provided with programmable at- 
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tributes in the PAM Registers. The attributes are 
Read Enable (RE), Write Enable (WE) and Cache 
Enable (CE). The attributes determine readability, 
writeability and cacheability of the corresponding 
memory region. When the associated bit in the PAM 
Register is set to a 1, the attribute is enabled and 
when set to a 0 the attribute is disabled. The follow- 
ing rules apply for cacheability in the first level and 
second level caches: 


1. lf RE = 1, WE = 1, and CE = 1, the region is 
cacheable in the first level and second level 
caches. 


2. lf RE = 1, WE = 0, and CE = 1, the region is 
cacheable only on code reads (i.e., D/C # =0). 
Data reads do not result in a line fill. Writes to the 
region are not serviced by the secondary cache, 
but are forwarded to PCI. 


The RE and WE bits for each region are used to 
shadow BIOS ROM in main memory for improved 
system performance. To shadow BIOS area, RE is 


_ reset to 0 and WE is set to 1. RE is set to 1 and WE 


is reset to 0. Any writes to the BIOS area are for- 
warded to PCI. 
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1024 KB OFFFFFh 


Planar BIOS Memory 
_ (64 KBytes) 


OF0000h 
OEFFFFh 


0E0000h 
ODFFFFh 


ISA Card BIOS & Buffer Memory 
(96 KBytes) 


0C8000h 
OC7FFFh 


Video BIOS Memory 
(32 KBytes) 


oco0000h 
OBFFFFh 


OA0000h 
O9FFFFh 


Host/PCI/EISA Memory 
(128 KBytes) 


080000h 
O7FFFFh 


Host Memory 
(512 KBytes) 


0 


PCI/ISA Video Buffer Memory 
(128 KBytes) 


Programmable 
Attributes: RE, WE, CE ° 


BIOS Extension Memory 
Setup and POST Memory 
PCI Development BIOS Memory 
(64 KBytes) 


Programmable 
Attributes: RE, WE, CE 


Programmable 
Attributes: RE, WE, CE 


Programmable 
Attributes: RE, WE, CE 


Read/Write Accesses 
forwarded to PCi Bus 


Programmable 
Attributes: RE, WE, CE 


Fixed Attributes: 
RE, WE, CE 
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Figure 4-2. CPU Memory Address Map—PC Compatibility Range 


4.4 I/O Address Map 


1/O devices (other than the PCMC) are not support- 
ed on the Host Bus. The PCMC generates PCI Bus 
cycles for all CPU I/O accesses, except to the 
PCMC internal registers. Figure 4-3 shows the map- 
ping for the CPU I/O address space. Two PCMC 
registers are located in the CPU I/O address space. 
They are the Configuration Space Enable (CSE) 
Register located at OCF8h and the Turbo-Reset 
Control (TRC) Register located at OCFQ9h. 
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Except for the two above mentioned |/O locations, 
all other CPU I/O accesses are mapped to either 
PCI I/O space or PCI configuration space. If the ac- 
cess is to PCI I/O space, the PCI address is the 
same as the CPU address. If the access is to PCI 
configuration space, the CPU address is mapped to 
a configuration space address as described in Sec- 
tion 3.0, Register Description. 


82434LX 


PCI I/O Space 
(12 KBytes) 


PCI Configuration Space Range 
(4 KBytes) 


PCI I/O Space 
(45K+6 Bytes) | 


| Turbo/Reset Control Register 


(3K-7)B 
(3K-8)B 


Configuration Space Enable Register 
1 Byte 


PCI I/O Space 
(3K-8)Bytes) 


0 
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Figure 4-3. CPU I/O Address Map 


If configuration space is enabled via the CSE Regis- 
ter, the PCMC maps accesses in the address range 
of C100h to CFFFh to PCI configuration space. Ac- 
cesses to the PCMC configuration register range 
(COO0Oh to COFFh) are intercepted by the PCMC and 
not forwarded to PCI. If the configuration space is 
disabled in the CSE Register, CPU accesses to the 
configuration address range (COOOh to CFFFh) are 
forwarded to PCI I/O space. 


5.0 SECOND LEVEL CACHE 
INTERFACE 


5.1 Cache Overview 


The PCMC integrates a high performance write- 
back/write-through second level cache controller 
providing integrated tags and a full first level and 
second level cache coherency mechanism. The sec- 
ond level cache controller can be configured to sup- 
port either a 256 KByte cache or a 512 KByte cache 
using either synchronous burst SRAMs or standard 
asynchronous SRAMs. The cache is direct mapped 
and can be configured to support either a write-back 
or write-through write policy. Parity on the second 
level cache data SRAMs is optional. 


The PCMC contains 4096 address tags. Each tag 
represents a sector in the second level cache. If the 
second level cache is 256 KByte, each tag repre- 
sents two cache lines. If the second level cache is 
512 KByte, each tag represents four cache lines. 
Thus, in the 256 KByte configuration each sector 
contains two lines. In the 512 KByte configuration, 


each sector contains four lines. Va/id and modified 
status bits are kept on a per line basis. Thus, in the 
case of a 256 KByte cache each tag has two valid 
bits and two modified bits associated with it. In the 
case of a 512 KByte cache each tag has four valid 
and four modified bits associated with it. Upon a 
CPU read cache miss, the PCMC inspects the valid 
and modified bits within the addressed sector and 
writes back to main memory only the lines marked 
both valid and modified. All of the lines in the sector 
are then invalidated. The line fill will then occur and 
the valid bit associated with the allocated line will be 
set. Only the requested line will be fetched from 
main memory and written into the cache. If no write 
back is required, all of the lines in the sector are 
marked invalid. The line fill then occurs and the valid 
bit associated with the allocated line will be set. 
Lines are not allocated on write misses. When a 
CPU write hits a line in the second level cache, the 
modified bit for the line is set. 


The second level cache is optional to allow the 
PCMC to be used in a low cost configuration. A 
256 KByte cache is implemented with a single bank 
of eight 32K x 9 SRAMs if parity is supported or 32K 
x 8 SRAMs if parity is not supported on the cache. A 
512 KByte cache is implemented with four 64K x 18 
SRAMs if parity is supported or 64K x 16 SRAMs if 
parity is not supported on the cache. Two 74AS373 
latchs complete the cache. Only main memory con- 
trolled by the PCMC DRAM interface is cached. 
Memory on PCI is not cached. 


Figures 5-1 and 5-2 depict the organization of the 


internal tags in the PCMC configured for a 
256 KByte cache and a 512 KByte cache. 
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A[17:6] ——> 
Index 


A(27:18] Modified Modified 
Tag 


Lined Line1 
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A[27:19] 


Tag Modified Modified Modified Modified 


LineO Line1 Line2 Line3 
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Figure 5-2. PCMC Internal Tags with 512 KByte Cache 
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In the 256 KByte cache configuration A[17:6] form 
the tag RAM index. The ten tag bits read from the 
tag RAM are compared against A[27:18] from the 
host address bus. Two valid bits and two modified 
bits are kept per tag in this configuration. Host ad- 
dress bit 5 is used to select between lines 0 and 1 
within a sector. In the 512 KByte cache configuration 
A[18:7] form the tag RAM index. The nine bits read 
from the tag RAM are compared against A[27:19] 
from the host bus. Four valid bits and four modified 
bits are kept per tag. Host address bits 5 and 6 are 


74AS373 


HA[17:7] 


CAA/B[6:3] 
COE[1:0]# 


CA17:7] 


32K X 9 SRAM 
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used to select between lines 0, 1, 2 and 3 within a 
sector. 


The Secondary Cache Controller Register at offset 
52h in configuration space controls the secondary 
cache size, write and allocation policies, and SRAM 
type. The cache can also be enabled and disabled 
via this register. 


Figures 5-3 through 5-7 show the connections be- 
tween the PCMC and the external cache data 
SRAMs and latches. 


HD[63:56], DP7 
HD[55:48], DP6 
HD[47:40], DP5 
HD[39:32], DP4 
HD[31:24], DP3 
HD[23:16], DP2 
HD[15:8], DP1 

HD[7:0], DPO 


WE# Dj[8:0] , 
ne tS ee 
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Figure 5-3. PCMC Connections to 256 KByte Cache with Standard SRAMs 
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74AS373 


HA[18:7] 


64K X 18 SRAM 


CAA/B{6:3] 
COE[1:0]# 


HD[63:56], DP7 
HD[55:48], DP6 
HD[47:40], DP5 
HD[39:32], DP4 
WH# DIT7-9I\¢1 HD[31:24], DP3 
WL# [8:0] HD[23:16], DP2 


WH# D[17:9] HD[15:8], DP1 
WL# —D[8:0]}¢—® HDI7:0], DPO 


Figure 5-4. PCMC Connections to 512 KByte Cache with Dual-Write Enable Standard SRAMs 
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74AS373 


CAA/B[6:3} 
COE[1:0}# 
CRIW[1:0]# 


HD[63:56], DP7 

HD[55:48], DP6 
D[47:40], DP5 
D[39:32], DP4 
D[31:24], DP3 
D[23:16], DP2 

HD[15:8], DP1 
D[7:0], DPO 
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Figure 5-5. PCMC Connections to 512 KByte Cache with Dual-Byte Select SRAMs 
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74AS373 


HCLK[C-F] 


32K X 9 SRAM 


CAA/B[6:3] 
CADS[1:0}# 
CADV[1:0]# 


COE[1:0}# 


‘ HD[63:56}, OP7 
we# 0[8:0) HD[55:48], DP6 
(47:40), DPS 

WE# D{[8:0] HD[39:32], DP4 
f{ > HOI31:24), DP 


WE# D[8:0} HD[23:16}, DP2 


W218 0 —> H0115:8, DP 
WE# D{8:0]|}<—~® HDI7:0), DPO 
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74AS373 
HA[18:7] 
HCLK[C-D] 
64K X 18 SRAM 


HD[63:56], DP7 

HD[55:48], DP6 

WH# D[17:9] the HD[47:40], DP5 
WL# —D[8:0] as HD[39:32], DP4 
WH# 0117:0) HD[31:24], DP3 
WL# 18-0} le HD[23:16}, DP2 


WH# [17:9] HD[15:8], DP1 
WL#  D[8:0) HD[7:0], DPO 


Figure 5-7. PCMC Connections for 512 KByte Cache with Burst SRAMs 
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When CALE is asserted, HA[18:7] flow through the 
address latch. When CALE is negated the address is 
captured in the latch allowing the processor to pipe- 
line the next bus cycle onto the address bus. Two 
copies of CA[6:3], COE#, CADS# and CADV# are 
provided to reduce capacitive loading. Both copies 
should be used when the second level cache is im- 
plemented with eight 32K x 8 or 32K x 9 SRAMs. 
Either both copies or only one copy can be used 
with 64K x 18 or 64K x 16 SRAMs as determined by 
the system board layout and timing analysis. The 
two copies are always driven to the same logic level. 
CAA[4:3] and CAB[4:3] are used to count through 


the Pentium microprocessor burst order when stan-. 


dard SRAMs are used to implement the cache. With 
burst SRAMs, the address counting is provided in- 
side the SRAMs. In this case, CAA[4:3] and 
CAB[4:3] are only used at the beginning of a cycle 
to load the initial low order address bits into the 
burst SRAMs. During CPU accesses, host address 
lines 6 and 5 are propagated to the CAA[6:5] and 
CAB[6:5] lines and are internally latched. When a 
CPU read cycle forces a line replacement in the sec- 
ond level cache, all modified lines within the ad- 
dressed sector are written back to main memory. 
The PCMC uses CAA[6:5] and CAB[6:5] to select 
among the lines within the sector. The Cache Output 
Enables, COE[1:0]# are asserted to enable the 
SRAMs to drive data onto the host data bus. The 


5 
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Cache Write Enables, CWE[7:0] # allow byte control 
during CPU writes to the second level cache. An 
asynchronous SRAM 512 KByte cache can be im- 
plemented with two different types of SRAM byte 
control. Figure 5-4 depicts the PCMC connections to 
a 512 KByte cache using 64K x 18 or 64K x 16 
SRAMs with two write enables per SRAM. Each 
SRAM has a high and low write enable. Figure 5-5 
depicts the PCMC connections to a 512 KByte 
cache using 64K x 18 or 64K x 16 SRAMs with two 
byte select lines per SRAM. Each SRAM has a high 
and low byte select. The type of cache byte control 
(Write Enable or Byte Select) is programmed in the 
Cache Byte Control bit in the Secondary Cache Con- 
trol register at configuration space offset 52h. When 
this bit is reset to 0, Byte Select control is used. In 
this mode, the CBS[7:0] # lines are multiplexed onto | 
pins 90, 91 and 95-100 and the CR/W[1:0] # pins 
are multiplexed onto pins 93 and 94. When this bit is 
set to 1, Byte Write Enable control is used. In this 
mode, the CWE[7:0]# lines are multiplexed onto 
pins 90, 91 and 95-100. CADS[1:0]# and 
CADV[1:0] # are only used with burst SRAMs. The 
Cache Address Strobes, CADS[1:0] # are asserted 
to cause the burst SRAMs to latch the cache ad- 
dress at the beginning of a second level cache ac- 
cess. CADS[1:0]# can be connected to either 
ADSP# or ADSC# on the SRAMs. The Cache Aa- 
vance signals, CADV[1:0] # are asserted to cause 
the burst SRAMs to advance to the next address of 
the burst sequence. 


: 
intel. 
5.2 Clock Latencies 


Tables 5-1 and 5-2 list the latencies for various CPU 
transfers to or from the second level cache for stan- 
dard SRAMs and burst SRAMs. Standard SRAM ac- 
cess times of 12 and 15 ns are recommended for 66 
and 60 MHz operation, respectively. Burst SRAM 
clock access times of 8 and 9 ns are recommended 
for 66 and 60 MHz operation respectively. Precise 
SRAM timing requirements should be determined by 
system board electrical simulation with SRAM |/O 
buffer models. 


Table 5-1. Second Level Cache Latencies 
with Standard SRAM 


HCLK Count 
3-2-2-2 
4-2-2-2 


4 
3-2-2-2/3-2-2-2 
3-2-2-2/4 


Table 5-2. Second Level Cache Latencies 
with Burst SRAM 


HCLK Count 
3-1-1-1 


Cycle Type 
Burst Read 
Burst Write 
Single Read 


Single Write 


Pipelined Back-to-Back Burst 
Reads 


Burst Read followed by 
Pipelined Write 


Cycle Type 
Burst Read 
Burst Write 
Single Read (rer 
Single Write i; ee mee, 


Pipelined Back-to-Back Burst 
Reads 


3-1-4-4/1-1-1-1 
3-1-1-1/2 


Read Followed by Pipelined 
Write 
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5.3 Standard SRAM Cache Cycles 


The following sections describe the activity of the 
second level cache interface when standard asyn- 
chronous SRAMs are used to implement the cache. 


5.3.1 BURST READ 


Figure 5-8 depicts a burst read from the second lev- 
el cache with standard SRAMs. The CPU initiates 
the read cycle by driving address and status onto 
the bus and asserting ADS#. Initially, the CA[6:3] 
are a propagation delay from the host address lines 
A[6:3]. Upon sampling W/R# active and M/lO# in- 
active, while ADS# is asserted, the PCMC asserts 
COE # to begin a read cycle from the SRAMs. CALE 
is negated, latching the address lines on the SRAM 
address inputs, allowing the CPU to pipeline a new 
address onto the bus. CA[4:3] cycle through the 
Pentium microprocessor burst order, completing the 
cycle. PEN# is asserted with the first BRDY# and 
negated with the last BRDY # if parity is implement- 
ed on the second level cache data SRAMs and the 
MCHK DRAM/Second Level Cache Data Parity bit 
in the Error Command Register (offset 70h) is set. 
Figure 5-9 depicts a burst read from the second lev- 
el cache with standard 16- or 18-bit wide Dual-Byte 
Select SRAMs. A single read cycle from the second 
level cache is very similar to the first transfer of a 
burst read cycle. CALE is not negated throughout 
the cycle. COE # is asserted as shown above, but is 
negated with BRDY #. 


When the Secondary Cache Allocation (SCA) bit in 
the Secondary Cache Control register is set, the 
PCMC will perform a line fill in the secondary cache 
even if the CACHE # signal from the CPU is inactive. 
In this case, AHOLD is asserted to prevent the CPU 
from beginning a new cycle while the second level 
cache line fill is completing. 


Back-to-back pipelined burst reads from the second 
level cache are shown in the Figure 5-10. 
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Figure 5-9. Burst Read from Second Level Cache with Dual-Byte Select SRAMs 
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PEN# 
BRDY# 
CALE 


CA[6:5] 


CA[4:3] 
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Figure 5-10. Pipelined Back-to-Back Burst Reads from Second Level Cache with Standard SRAM 


Due to assertion of NA#, the CPU drives a new ad- 
dress onto the bus before the first cycle is complete. 
In this case, the second cycle is a hit in the second 
level cache. Immediately upon completion of the first 
read cycle, the PCMC begins the second cycle. 
When the first cycle completes, the PCMC drives the 
new address to the SRAMs on CA[6:3] and asserts 
CALE. The second cycle is very similar to the first, 
completing at a rate of 3-2-2-2. The cache address 
lines must be held at the SRAM address inputs until 
the first cycle completes. Only after the last BRDY # 
is returned, can CALE be asserted and CA[6:3] be 
changed. Thus, the pipelined cycle completes at the 
same rate as a non-pipelined cycle. 


5.3.2 BURST WRITE 


A burst write cycle is used to write back a cache line 
from the first level cache to either the second level 
cache or DRAM. Figure 5-11 depicts a burst write 
cycle to the second level cache with standard 
SRAMs. 


The CPU initiates the write cycle by driving address 
and status onto the bus and asserting ADS #. Initial- 
ly, the CA[6:3] propagate from the host address 
lines A[6:3]. CALE is negated, latching the address 
lines on the SRAM address inputs, allowing the CPU 
to pipeline a new address onto the bus. Burst write 
cycles from the Pentium microprocessor always be- 
gin with the low order Qword and advances to the 
high order Qword. CWE[7:0]# are generated from 
an internally delayed version of HCLK, providing ad- 
dress setup time to CWE[7:0] # falling and data set- 
up time to CWE[7:0]# rising edges. HIG[4:0] are 
driven to PCMWQ (Post CPU to Memory Write Buff- 
er Qword) only when the PCMC is programmed for a 
write-through write policy. When programmed for 
write-back mode, the modified bit associated with 
the line is set within the PCMC. The single write cy- 
cle is very similar to the first write of a burst write 
cycle. A burst read cycle followed by a pipelined 
write cycle with standard SRAMs is depicted in Fig- 
ure 5-3. 
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A[31:3] 
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CA[6:5) 
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Figure 5-11. Burst Write to Second Level Cache with Standard SRAM 
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Figure 5-12. Burst Write to Second Level Cache with Dual-Byte Select SRAMs 
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Figure 5-13. Burst Read followed by Pipelined Write with Standard SRAM 
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5.3.3 CACHE LINE FILL 


If the CPU issues a memory read cycle to cacheable 
memory which is not in the second level cache, a 
first and second level cache line fill occurs. Figure 
5-14 depicts a CPU read cycle that results in a line 
fill into the first and second level caches. 


Figure 5-16 depicts the host bus activity during a 
CPU read cycle which forces a write-back from the 
second level cache to the CPU-to-memory posted 
write buffer as the DRAM read cycle begins. 


The CPU issues a memory read cycle which misses 
in the second level cache. In this instance, a modi- 


HCLK 
ADS# 
A(31:3] 
MA[10:0] 
MAB([10:0] 
RAS# 
CAS# 
MD{[63:0] 


MDLE 


HIG[4:0] 


HD[63:0] 


BRDY# 
CALE 


CA[6:5] 
CA[4:3] 
COE# 


CWE[7:0]# | 
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fied line in the second level cache must be written 
back to main memory before the new line can be 
filled into the cache. The PCMC inspects the valid 
and modified bits for each of the lines within the 
addressed sector and writes back only the valid 
lines within the sector that are in the modified state. 
During the write-back cycle, CA[4:3] begin with the 
initial value driven by the Pentium microprocessor 
and proceed in the Pentium microprocessor burst 
order. CA[6:5] are used to count through the lines 
within the addressed sector. When two or more lines 
must be written back to main memory, CA[6:5] 
count in the direction from line 0 to line 3. CA[6:5] 
advance to the next line to be written back to main 
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Figure 5-14. Cache Line Fill with Standard SRAM, DRAM Page Hit 
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Figure 5-15. Cache Line Fill with Dual-Byte Select Standard SRAM, DRAM Page Hit 
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Figure 5-16. CPU Cache Read Miss, Write Back, Line Fill with Standard SRAM 


memory, skipping lines which are not modified. Fig- 
ure 5-16 depicts the case of just one of the lines ina 
sector being written back to main memory. In this 
case, the entire line can be posted in the CPU-to- 
Main Memory posted write buffer by driving the 
HIG[4:0] lines to the PCMWQ command as each 
Qword is read from the cache. At the same time, the 
required DRAM read cycle is beginning. As soon as 
the de-allocated line is written into the posted write 
buffer, the HIG[4:0] lines are driven to CMR (CPU 
Memory Read) to allow data to propagate from the 
DRAM data lines to the CPU data lines. The 
CWE[7:0] # lines are not generated from a delayed 
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version of HCLK (as they are in the case of CPU to 
second level cache burst write), but from ordinary 
HCLK rising edges. CMR is driven on the HIG[4:0] 
lines throughout the DRAM read portion of the cycle. 
With the fourth assertion of BRDY# the HIG[4:0] 
lines change to NOPC. The LBXs however, do not 
tri-state the host data lines until MDLE rises. 
CWE[7:0]# and MDLE track such that MDLE will 
not rise before CWE[7:0] #. Thus, the LBXs contin- 
ue to drive the host data lines until CWE[7:0] # are 
negated. CA[6:3] remain at the valid values until the 
clock after the last BRDY #, providing address hold 
time to CWE[7:0] # rising. 
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PEN # is asserted as shown if the MCHK DRAM/L2 
Cache Data Parity Error bit in the Error Command 
Register (offset 70h) is set. If the second level cache 
supports parity, PEN# is always asserted during 


CPU read cycles in the third clock in case the cycle 
hits in the cache. 


If more than one line must be written back to main 
memory, the PCMC fills the CPU-to-Main Memory 
Posted Write Buffer and loads another Qword into 
the buffer as each Qword write completes into main 
memory. The writes into DRAM proceed as page hit 
write cycles from one line to the next, completing at 
a rate of X-4-4-4-5-4-4-4-5-4-4-4 for a three line 
write-back. All modifed lines except for the last one 
to be written back are posted and written to memory 
before the DRAM read cycle begins. The last line to 
be written back is posted as the DRAM read cycle 
begins. Thus, the read data is returned to the CPU 
before the last line is retired to memory. 
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KEN# 
NA# 
PEN# 
BRDY# 
CALE 
CAI6:5] 
CA[4:3] 
CADS# 
CADV# 
COE# 
CWE[7:0]# 


82434LX 


The line which was written into the second level 
cache is marked valid and unmodified by the PCMC. 
All the other lines in the sector are marked invalid. A 
subsequent CPU read cycle which hits in the same 
sector (but a different line) in the second level cache 
would then simply result in a line fill without any write 
back. 


5.4 Burst SRAM Cache Cycles 

The following sections show the activity of the sec- 
ond level cache interface when burst SRAMs are 
used for the second level cache. 


5.4.1 BURST READ 


Figure 5-17 depicts a burst read from the second 
level cache with burst SRAMs. 
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Figure 5-17. CPU Burst Read From Second Level Cache with Burst SRAM 
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The cycle begins with the CPU driving address and 
status onto Host Bus and asserting ADS#. The 
PCMC asserts CADS# and COE# in the second 
clock. After the address is latched by the burst 
SRAMs and the PCMC determines that no write 
back cycles are required from the second level 
cache, CALE is negated. Back-to-back burst reads 
from the second level cache are shown in Figure 
5-18. 


When the Secondary Cache Allocation (SCA) bit in 
the Secondary Cache Control register is set, the 
PCMC will perform a line fill in the secondary cache 
even if the CACHE # signal from the CPU is inactive. 
In this case, AHOLD is asserted to prevent the CPU 
from beginning a new cycle while the second level 
cache line fill is completing. 


Back-to-back burst reads which hit in the second 
level cache complete at a rate of 3-1-1-1/1-1-1-1 
with burst SRAMs. As the last BRDY # is being re- 
turned to the CPU, the PCMC asserts CADS# caus- 
ing the SRAMs to latch the new address. This allows 
the data for the second cycle to be transferred to the 
CPU on the clock after the first cycle completes. 


A[(31:3] 
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5.4.2 BURST WRITE 


A burst write cycle is used to write back a line from 
the first level cache to either the the second level 
cache or DRAM. A burst write cycle from the first 
level cache to the second level cache is shown in 
Figure 5-19. 


The Pentium microprocessor always writes back 
lines starting with the low order Qword advancing to 
the high order Qword. CADS# is asserted in the 
second clock. CWE[7:0] # and BRDY # are assert- 
ed in the third clock. CADV # assertion is delayed by 
one clock relative to the burst read cycle. HIG[4:0] 
are driven to PCMWQ (Post CPU-to-Memory Write 
Buffer Qword) only when the PCMC is programmed 
for a write-through write policy. When programmed 
for write-back mode, the modified bit associated with 
the line is set within the PCMC. The single write is 
very similar to the first write in a burst write. CADS # 
is asserted in the second clock. BRDY# and 
CWE[7:0] # are asserted in the third clock. A burst 
read cycle followed by a pipelined single write cycle 
is depicted in Figure 5-20. 
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Figure 5-18. Pipelined Back-to-Back Burst Reads from Second Level Cache 
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Figure 5-20. Burst Read followed by Pipelined Single Write Cycle with Burst SRAM 
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5.4.3 CACHE LINE FILL cache, a cache line fill occurs. Figure 5-21 depicts a 
first and second level cache line fill with burst 

If the CPU issues a memory read cycle to cacheable SRAMs. 

memory which does not hit in the second level 
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Figure 5-21. Cache Line Fill with Burst SRAM, DRAM Page Hit, 7-4-4-4 Timing 
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Figure 5-22 depicts a CPU read cycle which forces a write-back in the second level cache. 
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Figure 5-22. CPU Cache Read Miss, Write-Back, Line Fill with Burst SRAM 
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The CPU issues a memory read cycle which misses 
in the second level cache. In this instance, a modi- 
fied line in the second level cache must be written 
back to main memory before the new line can be 
filled into the cache. The PCMC inspects the valid 
and modified bits for each of the lines within the 
addressed sector and writes back only the valid 
lines within the sector which are marked modified. 
CA[6:5] are used to count through the lines within 
the addressed sector. When two or more lines must 
be written back to main memory, CA[6:5] count in 
the direction from line 0 to line 3 after each line is 
written back. Figure 5-18 depicts the case of just 
one of the lines in a sector being written back to 
main memory. In this case, the entire line can be 
posted in the CPU-to-Memory Posted Write Buffer 
by driving the HIG[4:0] lines to PCMWQ as each 
Qword is read from the cache. At the same time, the 
required DRAM read cycle is beginning. After the de- 
allocated line is written into the posted write buffer, 
the HIG[4:0] lines are driven to CMR (CPU Memory 
Read) to allow data to propagate from the DRAM 
data lines to the CPU data lines. Figure 5-22 as- 
sumes that the read from DRAM is a page hit and 
thus the first Qword is already read from the DRAMs 
when the transfer from cache to the CPU to Memory 
posting buffer is complete. The rest of the DRAM 
cycle completes at a -4-4-4 rate. CADV # is asserted 
with the last three BRDY# assertions. CMR is driv- 
en on the HIG[4:0] lines throughout the DRAM read 
portion of the cycle. Upon the fourth assertion of 
BRDY # the HIG[4:0] lines change to NOPC. 


PEN # is asserted as shown if the MCHK DRAM/L2 
Cache Data Parity Error bit in the Error Command 
Register (offset 70h) is set. If the second level cache 
supports parity, PEN# is always asserted during 
CPU read cycles in clock 3 in case the cycle hits in 
the cache. 


If more than one line must be written back to main 
memory, the PCMC fills the CPU-to-Main Memory 
Posted Write Buffer and loads another Qword into 
the buffer as each Qword write completes into main 
memory. The writes into DRAM proceed as page hit 
write cycles from one line to the next, completing at 
a rate of X-4-4-4-5-4-4-4-5-4-4-4 for a three line 
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write-back. All modifed lines except for the last one 
to be written back to memory are posted and retired 
to memory before the DRAM read cycle begins. The 
last line to be written back is posted as the DRAM 
read cycle begins. Thus, the read data is returned to 
the CPU before the last line is retired to memory. 


The line which was written into the second level 
cache is marked valid and unmodified by the PCMC. 
All the other lines in the block are marked invalid. A 
subsequent CPU read cycle which hits the same 
sector (but a different line) in the second level cache 
results in a line fill without any write-back. 


5.5 Snoop Cycles 


The inquire cycle is used to probe the first level and 
second level caches when a PCI master attempts to 
access main memory. This is done to maintain co- 
herency between the first and second level caches 
and main memory. When a PCI master first attempts 
to access main memory a snoop request is generat- 
ed inside the PCMC. The PCMC supports up to two 
outstanding cycles on the CPU address bus at a 
time. Outstanding cycles include both CPU initiated 
cycles and snoop cycles. Thus, if the Pentium micro- 
processor pipelines a second cycle onto the host 
address bus, the PCMC will not issue a snoop cycle 
until the first CPU cycle terminates. If the PCMC 
were to initiate a snoop cycle before the first CPU 
cycle were complete then for a brief period of time, 
three cycles would be outstanding. Thus, a snoop 
request is serviced with a snoop cycle only when 
either no cycle is outstanding on the CPU bus or one 
cycle is outstanding. 


Snoop cycles are performed by driving the PCI mas- 
ter address onto the CPU address bus and asserting 
EADS#. The Pentium microprocessor then per- 
forms a tag lookup to determine if the addressed 
memory is in the first level cache. At the same time 
the PCMC performs an internal tag lookup to deter- 
mine if the addressed memory is in the second level 
cache. Table 5-3 describes how a PCI master read 
from main memory is serviced by the PCMC. 


ntel ® 82434LX 


Table 5-3. Data Transfers for PCI Master Reads from Main Memory 


Snoop Result 


First Level Cache | Second Level Cache 
Hit Modified Line Data is transferred directly from second level cache to PCI. 
Line remains valid and modified in the second level cache. 


a | ee Data is transferred from DRAM to PCI. 
Hit Unmodified Line Data is transferred directly from second level cache to PCI. 
The line remains valid and unmodified in the second level 
cache. 
fone The line is not written to DRAM. 
Hit Unmodified Line | Miss —_| Datais transferred from DRAM to PCI. 
Hit Unmodified Line | Hit Unmodified Line Data is transferred directly from second level cache to PCI. 
The line remains valid and unmodified in the second level 
cache. 


Hit Unmodified Line | Hit Modified Line Data is transferred directly from second level cache to PCI. 
Line remains valid and modified in the second level cache. 


The line is not written to DRAM. 


A write-back from first level cache occurs. The data is sent to 
both PCI and the CPU-to-Memory Posted Write Buffer. The 
CPU-to-Memory Posted Write Buffer is then written to 
memory. 


Hit Modified Line 


Hit Unmodified Line 


Hit Modified Line A write-back from first level cache occurs. The data is posted 
to PCI and written into the second level cache. When the 
second level cache is in write-back mode, the line is marked 
modified and is not written to DRAM. When the second level 
cache is in write-through mode, the line is posted and then 


written to DRAM. 


A write-back from first level cache occurs. The data is posted 
to PCI and written into the second level cache. The line is not 
written to DRAM. This scenario can only occur when the 

second level cache is in write-back mode. 


Hit Modified Line 


Hit Modified Line 
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PCI master write cycles never result in a write direct- 
ly into the second level cache. A snoop hit to a modi- 
fied line in either the first level or second level cache 
results in a write-back of the line to main memory. 
The line is invalidated and the PCI write to main 
memory occurs after the write-back completes. The 


a 


a, 
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other lines in the sector are not written back to main 
memory or invalidated. A PCI master write snoop hit 
to an unmodified line in either the first level or sec- 
ond level cache results in the line being invalidated. 


Table 5-4 describes the actions taken by the PCMC 
when a PCI master writes to main memory. 


Table 5-4. Data Transfer for PCi Master Writes to Main Memory 


Snoop Result 


Hit Modified. Line 


Hit Unmodified Line | Hit Modified Line 


Hit Modified Line 


Hit Modified Line 


Hit Unmodified Line 


Hit Modified Line Hit Modified Line 


A snoop hit results in one of three transfers, a write- 
back from the first level cache posted to the LBXs, a 
write-back from the second level cache posted to 
the LBXs or a write-back from the first level cache 
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The PCI master write data is transferred from PCI to DRAM 


Hit Unmodified Line The PCI master write data is transferred from PCI to DRAM. 
The line is invalidated in the second level cache. 


A write-back from second level cache to DRAM occurs. The 
PCI master write data is then written to DRAM. The line is 
invalidated in the second level cache. 


Hit Unmodified Line The first level cache line is invalidated. The PCI master write 
data is written to DRAM 

Hit Unmodified Line | Hit Unmodified Line The line is invalidated in both the first level and second level 
caches. The PCI master write data is written to DRAM. 


The first level cache line is invalidated. The second level 
cache line is written back to main memory and invalidated. 
The PCI master write data is then written to DRAM. 


The first level cache line is written back to DRAM and 
invalidated. The PCI master write data is then written to 
DRAM. 


The first level cache line is written back to DRAM and 
invalidated. The second level cache line is invalidated. The 
PCli master write data is then written to DRAM. 


. . 
. 
. 
. . . . 


The first level cache line is written back to DRAM and 
invalidated. The second level cache line is invalidated. The 
PCI master write data is then written to DRAM. 


posted to the LBXs and written to the second level 
cache. A snoop cycle which does not result in a 
write-back is depicted in Figure 5-23. 
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Figure 5-23. Snoop Hit to Unmodified Line in First Level Cache or Snoop Miss 


The PCMC begins to service the snoop request by 
asserting AHOLD, causing the Pentium microproc- 
essor to tri-state the address bus in the clock after 
assertion. In the case of a PCI master read cycle, 
the PCMC drives the DPRA (Drive PCI Read Ad- 
dress) command onto the HIG[4:0] lines causing the 
LBXs to drive the PCI address onto the host address 
bus. For a write cycle, the PCMC drives the DPWA 
(Drive PCI Write Address to CPU Address Bus) com- 
mand on the HIG[4:0] lines, also causing the LBXs 
to begin driving the host address bus. The PCMC 
then asserts EADS#, initiating the snoop cycle to 
the CPU. The INV signal is asserted by the PCMC 
only during snoops due to PCi master writes. INV 
remains negated during snoops due to PCI master 
reads. If the snoop results in a hit to a modified line 
in the first level cache, the Pentium microprocessor 
asserts HITM#. The PCMC samples the HITM # sig- 
nal two clocks after the CPU samples EADS# as- 
serted to determine if the snoop hit in the first level 
cache. By this time the PCMC has completed an 


internal tag lookup to determine if the line is in the 
second level cache. Since this snoop does not result 
in a write back, the NOPC command is driven on the 
HIG[4:0] lines, causing the LBXs to tri-state the ad- 
dress bus. The sequence ends with AHOLD nega- 
tion. 


If the Pentium microprocessor asserts ADS # in the 
same clock as the PCMC asserts AHOLD, the 
PCMC will assert BOFF # in two cases. First, if the 
snoop cycle hits a modified line in the first level 
cache, the PCMC will assert BOFF # for 1 HCLK to 
re-order the write-back around the currently sending 
cycle. Second, if the snoop requires a write-back 
from the second level cache, the PCMC will assert 
BOFF# to enable the write-back from the second- 
ary cache SRAMS. 


Figure 5-24 depicts a snoop hit to a modified line in 
the first level cache due to a PCI master memory 
read cycle. 


: Snoop Address from LBXs . 


HITM# | 


HIG[4:0] : 


ADS# | 
CACHE# | 
WIR#H | 
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The snoop cycle is initiated while a CPU burst cycle 
to the second level cache is completing. The snoop 
cycle begins when the PCMC asserts AHOLD caus- 
ing the CPU to tri-state the address bus. The PCMC 
drives the DPRA (Drive PCI Read Address) com- 
mand on to the HIG[4:0] lines causing the LBXs to 
drive the PCI address onto the host address bus. 
The PCMC then asserts EADS #, initiating the snoop 
to the first level cache. INV is not asserted since this 
is a PCl master read cycle. INV is only asserted with 
EADS# when the snoop cycle is in response to a 
PCI master write cycle. As the CPU is sampling 
EADS# asserted, the PCMC latches the address. 
Two clocks later, the PCMC completes the internal 
tag lookup to determine if the line is in the second 
level cache. In this instance, the snoop hits a modi- 
fied line in the first level cache and misses in the 
second level cache. Thus, the second level cache is 
not involved in the write-back cycle. The PCMC al- 
lows the LBXs to stop driving the address lines by 
driving NOPC command on the HIG[4:0] lines. The 
CPU then drives the write-back cycle onto the bus 
by asserting ADS# and driving the write-back data 
on the data lines even though AHOLD is still assert- 
ed. The write-back into the LBX buffers occurs at a 
rate of 3-1-1-1. The PCMC drives PCMWFQ on the 
HIG[4:0] lines for one clock causing the write data 
to be posted to both PCI and main memory. For the 
next three clocks, the HIG[4:0] lines are driven to 
PCMWNQ, posting the final three Qwords to both 
PCI and main memory. 


A similar transfer from first level cache to the LBXs 


occurs when a snoop due to a PC! master write hits 
a modified line in the first level cache. In this case, 
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the write-back is transferred to the CPU-to-Memory 
Posted Write Buffer. If the line is in the second level 
cache, it is invalidated. The cycle is similar to the 
snoop cycle shown above with two exceptions. The 
PCMC drives the DPWA command on the HIG[4:0] 
lines instead of the DPRA command. During the four 
clocks where the PCMC drives BRDY # active to the 
CPU, it also drives PCMWQ on the HIG[4:0] lines, . 
causing the write to be posted to main memory. 


In both of the above cases where a write-back from 
the first level cache is required, AHOLD is asserted 
until the write-back is complete. If the CPU has be- 
gun a read cycle directed to PCI and the snoop re- 
sults in a hit to a modified line in the first level cache, 
BOFF # is asserted for one clock to abort the CPU 
read cycle and re-order the write-back cycle before 
the read cycle. 


When a PCI master read or write cycle hits a modi- 
fied line in the second level cache and either misses 
in the first level cache or hits an unmodified line in 
the first level cache, a write-back from the second 
level cache to the LBXs occurs. When a PCI master 
write snoop hits an unmodified line in the second 
level cache and either misses in the first level cache 
or hits an unmodified line in the first level cache, no 
data transfer from the second level cache occurs. 
The line is simply invalidated. In the case of a PCI 
master write cycle, the line is invalidated in both the 
first level and second level caches. In the case of a 
PCI master memory read cycle, neither cache is in- 
validated. A PCl master read from main memory 
which hits either a modified or unmodified line in the 
second level cache is shown in Figure 5-25. 
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Figure 5-25. Snoop Hit to Modified Line in Second Level Cache, Store in PCI Read Prefetch Buffer 


The snoop request is received as a CPU burst ac- 
cess to the second level cache is in progress. The 
snoop cycle begins with the PCMC asserting 
AHOLD, causing the CPU to tri-state the Host ad- 
dress bus. The PCMC drives the DPRA command 
enabling the LBXs to drive the snoop address onto 
the Host address bus. The PCMC asserts EADS #. 
INV is not asserted in this case since the snoop cy- 
cle is in response to a PCI master read cycle. If the 
snoop were in response to a PCI master write cycle 
then INV would be asserted with EADS#. Two 
clocks after the CPU samples EADS# active, the 
PCMC completes the internal tag lookup. In this 
case the snoop hit either an unmodified line or a 
modified line in the second level cache. Since 
HITM # is inactive, the snoop did not hit in the first 
level cache. The PCMC then schedules a read from 
the second level cache to be written to the LBXs. 
When the CPU burst cycle completes the PCMC ne- 
gates the control signals to the second level cache 


and asserts CALE opening the cache address latch 
and allowing the snoop address to flow through to 
the SRAMs. The second level cache executes a 
read sequence which completes at 3-2-2-2 in the 
case of standard SRAMs and 3-1-1-1 in the case of 
burst SRAMs. During all snoop cycles where a write- 
back from the second level cache is required, 
BOFF # is asserted throughout the write-back cycle. 
This prevents the deadlock that would occur if the 
CPU is in the middle of a non-postable write and the 
data bus is required for the second level cache 
write-back. 


When using burst SRAMs, the read from the SRAMs 
follows the Pentium processor burst order. However, 
the memory to PCI read prefetch buffer in the LBXs 
is organized as a FIFO and cannot accept data out 
of order. The SWBO, SWB1, SWB2 and SWB3 com- 
mands are used to write data into the buffer in as- 
sending order. In the above example, the PCI master 
requests a data item which hits Qword 0 in the 
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cache, thus CA[4:3] count through the following se- 
quence: 0, 1, 2, 3 (00, 01, 10, 11). If the PCI master 
requests a data item that hits Qword 1, the SWBO 
command is sent via the HIG[4:0] lines to store 
Qword 1 in the first buffer location. The next read 
from the cache is not in ascending order, thus a 
NOPC is sent on the HIG[4:0] lines. This Qword is 
not posted in the buffer. The next read from the 
cache is to Qword 3. SWB2 is sent on the HIG[4:0] 
lines. The final read from the cache is Qword 2. 
SWB‘1 is sent on the HIG[4:0] lines. Thus, Qword 1 
is placed in entry 0 in the buffer, Qword 2 is placed 
in entry 1 in the buffer and Qword 3 is placed in entry 
2 in the buffer. The ordering between the Qwords 
read from the cache and the HIG[4:0] commands 
when using burst SRAMs is summarized in 
Table 5-5. 


Table 5-5. HIG([4:0] Command Sequence for 
Second Level Cache to PCI Master 
Read Prefetch Buffer Transfer 


Burst Order HIG([4:0] 
from Cache Command Sequence 


SWBO, SWB1, SWB2, SWB3 


SWBO, NOPC, SWB2, SWB1 
| 2,3,0,1 | +SWBO, SWB1, NOPC, NOPC 
SWBO, NOPC, NOPC, NOPC 
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When using standard asynchronous SRAMs, the 
read from the SRAMs occurs in a linear burst order. 
Thus, CAA[4:3] and CAB[4:3] count in a linear burst 
order and the Store Write Buffer commands are sent 
in linear order. The burst ends at the cache line 
boundary and does not wrap around and continue 
with the beginning of the cache line. 


A PCI master write cycle which hits a modified line in 
the second level cache and either hits an unmodified 
line in the first level cache or misses in the first level 
cache will also cause a transfer from the second 
level cache to the LBXs. In this case, the read from 
the SRAMs is posted to main memory and the line is 
invalidated in the second level cache. The cycle 
would differ only slightly from the above cycle. INV 
would be asserted with EADS#. Instead of the 
DPRA command, the PCMC would use the DPWA . 
command to drive the snoop address onto the host 
address bus. The write would be posted to the 
DRAM, thus the PCMC would drive the PCMWQ 
command on the HIG[4:0] lines to post the write to 
DRAM. 


A snoop cycle can result in a write-back from the 
first level cache to both the second level and LBXs 
in the case of a PCI master read cycle which hits a 
modified line in the first level cache and hits either a 
modified or unmodified line in the second level 
cache. The line is written to both the second level 
cache and the memory to PCI read prefetch buffer. 
The cycle is shown in Figure 5-26. 


HCLK 
A[31:5] 


AHOLD 
EADS# 
INV 
HITM# 


HIG[4:0] 
ADS# 
CACHE# 
W/R# 
BRDY# 
CALE 
CAI6:5] 
CA[4:3] 
CADS# 
CADV# 
COE# 
CWE[7:0}# 
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Figure 5-26. Snoop Hit to Modified Line in First Level Cache, Write-Back from 
First Level Cache to Second Level Cache and Send to PCI 


This cycle is shown for the case of a second level 
cache with burst SRAMs. In this case, as it com- 
pletes the second level cache tag lookup, the PCMC 
samples HITM# active. The write-back is written to 
the second level cache and simultaneously stored in 
the memory to PCI prefetch buffer. In the case 
shown in Figure 5-22, the PCI master requests a 
data item which is contained in Qword 0 of the 
cache line. Note that a write-back from the first level 
cache always starts with Qword 0 and finishes with 
Qword 3. Thus the HIG[4:0] lines are sequenced 
through the following order: SWBO, SWB1, SWB2, 
SWB3. If the PCI master requests a data item which 
is contained in Qword 1, the HIG[4:0] lines se- 
quence through the following order: NOPC, SWBO, 
SWB1, SWB2. If the PCI master requests a data 
item which is contained in Qword 2, the HIG[4:0] 
lines would sequence through the following order: 
NOPC, NOPC, SWBO, SWB1. If the PCI master re- 
quests a data item which is contained in Qword 3, 


the HIG[4:0] lines sequence through the following 
order: NOPC, NOPC, NOPC, SWBO. AHOLD is neg- 
ated after the write-back cycle is complete. 


lf the CPU has begun a read cycle directed to PCI 
and the snoop results in a hit to a modified line in the 
first level cache, BOFF # is asserted for one clock to 
abort the CPU read cycle and re-order the write- 
back cycle before the pending read cycle. 


5.6 Flush, Flush Acknowledge and 
Write-Back Special Cycles 


There are three special cycles that affect the second 
level cache, flush, flush acknowledge, and write- 
back. 


lf the processor executes an INVD instruction, it will 
invalidate all unmodified first level cache lines and 
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issue a flush special cycle. If the processor executes 
a WBINVD instruction, it will write-back all modified 
first level cache lines, invalidate the first level cache, 
and issue a write-back special cycle followed by a 
flush special cycle. If the Pentium microprocesor 
FLUSH # pin is asserted, the CPU will write-back all 
modified first level cache lines, invalidate the first 
level cache, and issue a flush acknowledge special 
cycle. 


The second level cache behaves the same way in 
response to the flush special cycle and flush ac- 
knowledge special cycle. Each tag.is read and the 
valid and modified bits are examined. If the line is 
both valid and modified it is written back to main 
memory and the valid bit for that line is reset. All 
valid and unmodified lines are simply marked invalid. 
The PCMC advances to the next tag when all lines 
within the current sector have been examined. 
BRDY # is returned to the Pentium microprocessor 
after all modified lines in the second level cache 
have been written back to main memory and all of 
the valid bits for the second level cache are reset. 
The sequence of write-back cycles will only be inter- 
rupted to service a PCI master cycle. 


The write-back special cycle is ignored by the PCMC 
because all modified lines will be written back to 
main memory by the following flush special cycle. 
Upon decoding a write-back special cycle, the 
PCMC simply returns BRDY # to the Pentium micro- 
processor. : 


6.0 DRAM INTERFACE 


6.1 DRAM Interface Overview 


The PCMC integrates a high performance DRAM 
controller supporting from 2 to 192 MBytes of main 
memory. The PCMC generates the RAS#, CAS#, 
WE# and multiplexed addresses for the DRAM ar- 
ray, while the data path to DRAM is provided by two 
82433LX LBXs. The DRAM controller interface is ful- 
ly configurable through a set of control registers. 
Complete descriptions of these registers are given in 
Section 3.0, Register Description. A brief overview of 
the registers which configure the DRAM interface is 
provided in this section. 


The PCMC controls a 64-bit memory array (72-bit 
including parity) ranging in size from 2 MBytes up to 
192 MBytes using industry standard 36-bit wide 
memory modules with fast page-mode DRAMs. Both 
single- and double-sided SIMMs are supported. The 
eleven multiplexed address lines, MA[10:0] allow 
the PCMC to support 256Kx36, 1Mx36, and 4Mx36 
SIMMs. The PCMC has six RAS# lines, supporting 
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up to six rows of DRAM. Eight CAS# lines allow 
byte control over the array during read and write op- 
erations. The PCMC supports 70 and 60 ns DRAMs. 
The PCMC DRAM interface is synchronous to the 
CPU clock and supports page mode accesses to ef- 
ficiently transfer data in bursts of four Qwords. 


The DRAM interface of the PCMC is configured by 
the DRAM Control Mode Register (offset 57h), the 
DRAM Timing Register (offset 58h) and the six 
DRAM Row Boundary (DRB) Registers (offsets 
60h-65h). The DRAM Control Mode Register con- 
tains bits to configure the DRAM interface for RAS # 
modes and refresh options. In addition, DRAM Parity 
Error Reporting and System Management RAM 
space can be enabled and disabled. The DRAM 
Timing Register provides control over the lead-off 
latency on all CPU accesses to DRAM. When Sys- 
tem Management RAM is enabled, if SMIACT # from 
the Pentium processor is not asserted, all CPU read 
and write accesses to SMM memory are directed to 
PCI. The SMRAM Space Register at configuration 
space offset 72h provides additional control over the 
SMRAM space. The six DRB Registers define the 
size of each row in the memory array, enabling the 
PCMC to assert the proper RAS # line for accesses 
to the array. 


CPU-to-Memory write posting and read-around-write 
operations are enabled and disabled via the Host 
Read/Write Buffer Control Register (offset 53h). 
PCl-to-Memory write posting is enabled and dis- 
abled via the PC] Read/Write Buffer Control Regis- 
ter (offset 54h). PCI master reads from main memory 
always result in the PCMC and LBXs reading the 
requested data and prefetching the next seven 
Dwords. 


Seven Programmable Attribute Map (PAM) Regis- 
ters (offsets 59h-5Fh) are used to specify the 
cacheability and read/write status of the memory 
space between 512 KBytes and 1 MByte. Each PAM 
Register defines a specific address area enabling 
the system to selectively mark specific memory 
ranges as cacheable, read-only, write-only, read/ 
write or disabled. When a memory range is disabled, 
all CPU accesses to that range are directed to PCI. 


Two other registers also affect the DRAM interface, 
the Memory Space Gap Register (offsets 78h—79h) 
and the Frame Buffer Range Register (offsets 
7Ch-7Fh). The Memory Space Gap Register is used 
to place a logical hole in the memory space between 
1 MByte to 16 MBytes to accommodate memory 
mapped ISA boards. The Frame Buffer Range Reg- 
ister, is used to map a linear frame buffer into the 
Memory Space Gap or above main memory. When 
enabled, accesses to these ranges are never direct- 
ed to the DRAM interface, but are always directed to 
PCI. 
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6.2 DRAM Configurations 
Figure 6-1 illustrates a 12-SIMM configuration which supports single-sided SIMMs. 


MA[10:0] 


PCi Address/Data 


BWE# 


CAS|[7:6,3:2]# 
CAS[3:0]# 
RASO#,RAS2# 


Al10:0) ¥31:16] | D[15:0] 
WE# DP{3:2] DP{[1:0] 


SIMMO 


CAS[3:0]# 
RASO#,RAS2# 


A(10:0] p(31:16] D[15:0] 
WE#  DP[3:2] DP{1:0] 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] (31:16) D[15:0] 
WE#  DP[3:2] DP[1:0] 


SIMM4 


CAS[3:0]# 
RASO#,RAS2# 


A(10:0] p731:16) D[15:0] 
WE#  DP[3:2] DP{1:0] 


SIMM6 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] p[31:16) [15:0] 
WE# DP[3:2] DP{1:0] 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] p131:16] [15:0] 
WE# — DP[3:2} DPT1:0] 


SIMM10 


CAS[5:4,1:0]# 
CAS{3:0]# 
RASO#,RAS2# 


A[10:0} 5131:16) D[15:0] 
WE#  DP{3:2) DP[1:0] 


SIMM1 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] 31:16) D[15:0] 
WE#  DP[3:2] DP[1:0] 


SIMM3 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] 131:16] [15:0] 
WE# —DPI3:2]_ DP[1:0) 


SIMM5 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0] b131:16] [15:0] 
WE# DP[3:2] DP[1:0] 


SIMM7 


CAS[3:0]# 
RASO#,RAS2# 


A[10:0} [731:16] D[15:0] 
WE#  DP{3:2]  DP[1:0] 


SIMM9 


CAS[3:0]# 
RASO#,RAS2# 


A(10:0] 5131:16] [15:0] 
WE# —DP[3:2] DP[1:0] 


SIMM11 
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MD[31:16] MD[15:0] 
MP[3:2] MP[1:0] 


AD[31:0] 


MD[31:16] MD[15:0] 


LBXH LBXL MP[3:2] MP[1:0] 


AD[31:16] 
| AD[15:0] 


AD[15:0] 
AD[1S:0]  5731:16) [15:0] 
HP[3:2] HP[1:0] 


D[47:32] 
DP[5:4] 


D[31:16]  D[15:0] 
HP[3:2]  HP[1:0 


D[63:48]  D[31:16] 
DP[7:6] DP[3:2] 


Figure 6-1. DRAM Configuration Supporting Single-Sided SIMMs 


| | 1-147 


Host Data 
D[63:0] 
DP[7:0] 

290479-52 


82434LX 


A row in the DRAM array is made up of two SIMMs 
which share a common RAS# line. SIMMO and 
SIMM1 are connected to RASO# and therefore, 
comprise row 0. SIMM10 and SIMM11 form row 5. 
Within any given row, the two SIMMs must be the 
same size. Among the six rows, SIMM densities can 
be mixed in any order. That is, there are no restric- 
tions on the ordering of SIMM densities among the 
Six rows. 


The low order LBX (LBXL) is connected to byte 
lanes 5, 4, 1, and 0 of the host and memory data 
buses, and the lower two bytes of the PCI AD bus. 


ae 
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The high order LBX (LBXH) is connected to byte 
lanes 7, 6, 3, and 2 of the host and memory data 
buses, and the upper two bytes of the PCI AD bus. 
Thus, SIMMs connected to LBXL are connected to 
CAS[5:4,1:0] # and SIMMs connected to LBXH are 
connected to CAS[7:6, 3:2] #. 


The MA[10:0] and WE# lines are externally buff- 
ered to drive the large capacitance of the memory 
array. Three buffered copies of the MA[10:0] and 
WE # signals are required to drive the six row array. 
Figure 6-2 illustrates a 6-SIMM configuration that 
supports either single-or double-sided SIMMs. 


MA[10:0] 


PCI Address/Data 
AD[31:0} 


wa :16] 


Host Data 
D[63:0] 
DP[7:0] 


Figure 6-2. DRAM Configuration Supporting Single- or Double-Sided SIMMs 
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CAS[7:6,3:2]# 


CAS[3:0]# 
RASO#,RAS2# 
RAS1#,RAS3# 


Al10:0] 131:16) {15:0} 
WE# DP{3:2] OP[1:0] 


CAS[3:0]# 


RASO#,RAS2# 
RAS1#,RAS3# 


SIMM2 


Al10:0] 31:16) [15:0] 


WE# = DP{3:2] DP[1:0} 


CAS[3:0]# 
RASO#,RAS2# 
RAS1#,RAS3# 


Al10:0} 31:16] [15:0] 
WE#  DP[3:2] DP{1:0] 


SIMM4 


MD[31:16] MD[15:0] 


MP[1:0] 


CAS[5:4,1:0]# 


CAS[3:0]# 
RASO#,RAS2# 
RAS1#,RAS3# 


Al10:0} 131:16) [15:0] 
WE# DP{3:2] DP[1:0] 


SIMM1 


CAS[3:0]# 
RASO#,RAS2# 
RAS1#,RAS3# 


A(10:0) 131:16) [15:0] 
WE#  DP{3:2] OP[1:0] 


SIMM3 


CAS[3:0]# 
RASO#, RAS2# 
RAS1#,RAS3# 


AL10:0] 1131:16) [15:0] 


WE# = DP{[3:2] DP[1:0] 


SIMMS 


MD[31:16] MD[15:0] 


LBXL MP[3:2] | MP{[1:0] 


AD[15:0} 


D[31:16] 
HP[3:2] 


D[31:16] D[15:0] 
HP[3:2] HP[1:0] 

D[47:32] 

DP[5:4] 
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In this configuration, single- and double-sided 
SIMMs can be mixed. For example, if single-sided 
SIMMs are installed into the sockets marked SIMMO 
and SIMM1, then RASO# is connected to the 
SIMMs and RAS1 # is not connected. Row 0 is then 
populated and row 1 is empty. Two double-sided 
SIMMs could then be installed in the sockets 


marked SIMM2 and SIMM3, populating rows 2 
and 3. 
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6.3 DRAM Address Translation 


The multiplexed row/column address to the DRAM 
memory array is provided by the MA[10:0] signals. 
The MA[10:0] bits are derived from the host address 
bus as defined by Table 6-1. 


Table 6-1 DRAM Address Translation 


The MA[10:0] lines are translated from the host ad- 
dress lines A[24:3] for all memory accesses, except 
those targeted to memory that has been remapped 
as a result of the creation of a memory space gap in 
the lower extended memory area. In the case of a 
cycle targeting remapped memory, the least signifi- 
cant bits come directly from the host address, while 
the more significant bits depend on the memory 


‘Memory Adéress,maliool[ wo] e[e|7|e|[s|«]a]a|[i]o 


space gap start address, gap size, and the size of 
main memory. 


6.4 Cycle Timing Summary 


The PCMC DRAM performance is summarized in 
Table 6-2 for all CPU read and write cycles. 


Table 6-2. CPU to DRAM Performance Summary 


Write Page Miss 


0-Active RAS # 
Mode Read 


Burst Single Cycle 
Cycle Type ae Timing 
Read Page Hit ae ee ee 2a 
Read Row Miss 11-4-4-4 


Poseawete,weL2 [ata 


phe 


0-Active RAS# 
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CPU writes to the CPU-to-Memory Posted Write 
Buffer are completed at 3-1-1-1 when the second 
level cache is configured for write-through mode and 
4-1-1-1 when the cache is configured for write-back 
mode. All CPU write lead-off cycles are one clock 
longer than shown in Table 6-2 when the Secondary 
Cache is in write-back mode. When the DRAM lead- 
off wait state bit in the DRAM Timing Register is set 
to 1, all CPU-to-DRAM lead-off cycles increase by 
one clock. Table 6-3 shows the refresh performance 
in CPU clocks. 


Table 6-3. Refresh Cycle Performance 
Refresh | Hidden | RAS# only| CAS# before 
Type Refresh| Refresh RAS# 


BurstofFour] 48 | 52 | 56 


6.5 CPU to DRAM Bus Cycles 


6.5.1 READ PAGE HIT 


Figure 6-3 depicts a CPU burst read page hit from 
DRAM. The PCMC decodes the CPU address as a 


HCLK | 
ADS# 


A[31:3] = | 


MA[10:0] 
MAB[10:0] 
RAS# 
CAS# 
MD[63:0] | 
MDLE | 
HIG[4:0) . 
HD[63:0] 
BRDY# | 
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page hit and drives the column address onto the 
MA[10:0] lines. CAS[7:0]# are then asserted to 
cause the DRAMs to latch the column address and 
begin the read cycle. CMR (CPU Memory Read) is 
driven on the HIG[4:0] lines to enable the memory 
data to host data path through the LBXs. The PCMC 
advances the MA[1:0] lines through the Pentium 
processor burst order, negating and asserting 
CAS[7:0] # to read each Qword. The host data is 
latched on the falling edge of MDLE, when 
CAS[7:0] # are negated. The latch is opened again 
when MDLE is sampled asserted by the LBXs. The 
LBXs tri-state the host data bus when HIG[4:0] 
change to NOPC and MDLE rises. A single read 
page hit from DRAM is similar to the first read of this 
sequence. The HIG[4:0] lines are driven to NOPC 
when BRDY # is asserted. 


290479-54 


Figure 6-3. Burst DRAM Read Cycle-Page Hit 
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6.5.2 READ PAGE MISS | The PCMC advances the MA[1:0] lines through the 
Pentium microprocessor burst order, negating and 
Figure 6-4 depicts a CPU burst read page miss from asserting CAS[7:0] # to read each Qword. The host 
DRAM. The PCMC decodes the CPU address as a data is latched on the falling edge of MDLE, when 
page miss and switches from initially driving the col- CAS[7:0] # are negated. The latch is opened again 
umn address to driving the row address on the when MDLE is sampled asserted by the LBXs. The 
MA[10:0] lines. RAS # is then negated to precharge LBXs tri-state the host data bus when HIG[4:0] 
the DRAMs and then asserted to cause the DRAMs change to, NOPC and MDLE rises. A single read 
to latch the new row address. The PCMC then page miss from DRAM is similar to the first read of 
switches the MA[10:0] lines to drive the column ad- this sequence. The HIG[4:0] lines are driven to 
dress and asserts CAS[7:0] #. CMR (CPU Memory NOPC when BRDY # is asserted. 
Read) is driven on the HIG[4:0] lines to enable the 
memory data to host data path through the LBXs. 


ADS# | 

A[31:3] 2 
MA[10:0]. 
MAB{10c0] 22 Re 


ae 


CAS# | 
| 


MD[63:0) 
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Figure 6-4. DRAM Read Cycle-Page Miss 
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6.5.3 READ ROW MISS 


Figure 6-5 depicts a CPU burst read row miss from 
DRAM. The PCMC decodes the CPU address as a 
row miss and switches from initially driving the col- 
umn address to driving the row address on the 
MA[10:0] lines. The RAS# signal that was asserted 
is negated and the RAS # for the currently accessed 
row is asserted. The PCMC then switches the 
MA[10:0] lines to drive the column address and as- 
serts CAS[7:0] #. CMR (CPU Memory Read) is driv- 
en on the HIG[4:0] lines to enable the memory data 
to host data path through the LBXs. The PCMC ad- 


A(31:3] 


MAI10:0} 


MAB{10:0} 


Pigg 
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vances the MA[1:0] lines through the Pentium mi- 
croprocessor burst order, negating and asserting 
CAS[7:0] # to read each Qword. The host data is 
latched on the falling edge of MDLE, when 
CAS[7:0] # are negated. The latch is opened again 
when MDLE is sampled asserted by the LBXs. The 
LBXs tri-state the host data bus when HIG[4:0] 
change to NOPC and MDLE rises. A single read row 
miss from DRAM is similar to the first read of this 
sequence. The HIG[4:0] lines are driven to NOPC 
when BRDY # is asserted. 


290479-57 


Figure 6-5. Burst DRAM Read Cycie-Row Miss 
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6.5.4 WRITE PAGE HIT 


Figure 6-6 depicts a CPU burst write page hit from 
DRAM. The PCMC decodes the CPU write cycle as 
a DRAM page hit. The HIG[4:0] lines are driven to 
PCMWQ to post the write to the LBXs. In the figure, 
the write cycle is posted to the CPU-to-Memory 
Posted Write Buffer at 4-1-1-1. The write is posted at 
4-1-1-1 when the second level cache is configured 
for a write-back policy. The write is posted to DRAM 
at 3-1-1-1 when the second level cache is config- 
ured for a write-through policy. When the cycle is 


HCLK | 
ADS# 
A(31:3] EEX! 
MA[10:0] | 
MAB[10:0] 


MD[63:0] _ oa 
| | | 


HIG[4:0] NOPC C_, PCMWQ, 


BRDY# | | | | 


| 
MIG[2:0] ___NOPM fama) “HENDRY (Romie “MEMORY. ROMO WEMORV_ (REO — MENDY : 
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decoded as a page hit, the PCMC asserts WE # and 
drives the RCMWQ command on MIG[2:0] to enable 
the LBXs to drive the first Qword of the write onto 
the memory data lines. MEMDRV is then driven to 
cause the LBXs to continue to drive the first Qword 
for three more clocks. CAS[7:0] # are then negated 
and asserted to perform the writes to the DRAMs as 
the MA[1:0] lines advance through the Pentium mi- 
croprocessor burst order. A single write is similar to 
the first write of the burst sequence. MIG[2:0] are 
driven to NOPM in the clock after CAS[7:0] # are 
asserted. 


NOPC 
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Figure 6-6. Burst DRAM Write Cycle-Page Hit 
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6.5.5 WRITE PAGE MISS 


Figure 6-7 depicts a CPU burst write page miss to 
DRAM. The PCMC decodes the CPU write cycle as 
a DRAM page miss. The HIG[4:0] lines are driven to 
PCMW2Q to post the write to the LBXs. In the figure, 
the write cycle is posted to the CPU-to-Memory 
Posted Write Buffer at 4-1-1-1. The write is posted at 
4-1-1-1 when the second level cache is configured 
for a write-back policy. The write is posted to DRAM 
at 3-1-1-1 when the second level cache is config- 
ured for a write-through policy. When the cycle is 
decoded as a page miss, the PCMC switches the 
MA[10:0] lines from the column address to the row 
address and asserts WE#. The PCMC drives the 


HCLK | 
ADS# 
A[31:3] 
MAI10:0] 
MAB[10:0] 
RAS# 


WE# | 


WEBS 


CAS# | 
MD([63:0} 
MIG[2:0] 


HIG[4:0] 
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RCMWQ command on MIG[2:0] to enable the LBXs 
to drive the first Qword of the write onto the memory 
data lines. MEMDRV is then driven to cause the 
LBXs to continue to drive the first Qword. The RAS # 
signal for the currently decoded row is negated to 
precharge the DRAMs. RAS# is then asserted to 
cause the DRAMs to latch the row address. The 
PCMC then switches the MA[10:0] lines to the col- 
umn address and asserts CAS[7:0] # to initiate the 
first write. CAS[7:0] # are then negated and assert- 
ed to perform the writes to the DRAMs as the 
MAI[1:0] lines advance through the Pentium micro- 
processor burst order. A single write is similar to the 
first write of the burst sequence. MIG[2:0] are driven 
to NOPM in the clock after CAS[7:0] # are asserted. 


Hracuwo! | | acuwa | a. 
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Figure 6-7. Burst DRAM Write Cycle-Page Miss 
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6.5.6 WRITE ROW MISS 


Figure 6-8 depicts a CPU burst write row miss to 
DRAM. The PCMC decodes the CPU write cycle as 
a DRAM row miss. The HIG[4:0] lines are driven to 
PCMWQ to post the write to the LBXs. In the figure, 
the write cycle is posted to the CPU-to-Memory 
Posted Write Buffer at 4-1-1-1. The write is posted at 
4-1-1-1 when the second level cache is configured 
for a write-back policy. The write is posted to DRAM 
at 3-1-1-1 when the second level cache is config- 
ured for a write-through policy. When the cycle is 
decoded as a row miss, the PCMC negates the al- 
ready active RAS# signal, switches the MA[10:0] 
lines from the column address to the row 
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HIG[4:0] PCMWQ | 
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address and asserts the RAS# signal for the cur- 
rently decoded row. The PCMC asserts WE# and 
drives the RCMWQ command on MIG[2:0] to enable 
the LBXs to drive the first Qword of the write onto 
the memory data lines. MEMDRV is then driven to 
cause the LBXs to continue to drive the first Qword. 
The PCMC then switches the MA[10:0] lines to the 
column address and asserts CAS[7:0] # to initiate 
the first write. CAS[7:0] # are then negated and as- 
serted to perform the writes to the DRAMs as the 
MAI[1:0] lines advance through the Pentium micro- 
processor burst order. A single write is similar to the 
first write of the burst sequence. MIG[2:0] are driven 
to NOPM in the clock after CAS[7:0] # are asserted. 


NOPC 


\___MEMDRV_ ) 
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Figure 6-8. Burst DRAM Write Cycle-Row Miss 
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6.5.7 READ CYCLE, 0-ACTIVE RAS# MODE 


When in 0-active RAS# mode, every CPU cycle to 
DRAM results in a RAS# and CAS# sequence. 
RAS# is always negated after a cycle completes. 
Figure 6-9 depicts a CPU burst read cycle from 
DRAM where the PCMC is configured for 0-active 
RAS# mode. When in 0-active RAS# mode, the 
PCMC defaults to driving the row address on the 
MA[10:0] lines. The PCMC asserts the RAS # signal 
for the currently decoded row causing the DRAMs to 
latch the row address. The PCMC then switches the 
MA[10:0] lines to drive the column address and as- 
serts CAS[7:0] #. CMR (CPU Memory Read) is dri- 
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ven on the HIG[4:0] lines to enable the memory 
data to host data path through the LBXs. The PCMC 
advances the MA[1:0] lines through the Pentium mi- 
croprocessor burst order, negating and asserting 
CASI[7:0] # to read each Qword. The host data is 
latched on the falling edge of MDLE, when 
CAS[7:0] # are negated. The latch is opened again 
when MDLE is sampled asserted by the LBXs. The 
LBXs tri-state the host data bus when HIG[4:0] 
change to NOPC and MDLE rises. A single read row 
miss from DRAM is similar to the first read of this 
sequence. The HIG[4:0] lines are driven to NOPC 
when BRDY# is asserted. RAS# is negated with 
CAS[7:0] #. 
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Figure 6-9. Burst DRAM Read Cycle, 0-Active RAS # Mode 
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6.5.8 WRITE CYCLE, 0-ACTIVE RAS# MODE 


When in 0-active RAS# mode, every CPU cycle to 
DRAM results in a RAS# and CAS# sequence. 
RAS# is always negated after a cycle completes. 
Figure 6-10 depicts a CPU Burst Write Cycle to 
DRAM where the PCMC is configured for 0-active 
RAS# mode. The HIG[4:0] lines are driven to 
PCMWQ to post the write to the LBXs. In the figure, 
the write cycle is posted to the CPU-to-Memory 
Posted Write Buffer at 4-1-1-1. The write is posted at 
4-1-1-1 when the second level cache is configured 
for a write-back policy. The write is posted to DRAM 
at 3-1-1-1 when the second level cache is config- 
ured for a write-through policy. When in 0-active 
RAS # mode, the PCMC defaults to driving the row 
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address on the MA[10:0] lines. The PCMC asserts 
the RAS# signal for the currently decoded row 
causing the DRAMs to latch the row address. The 
PCMC asserts WE# and drives the RCMWQ com- 
mand on MIG[2:0] to enable the LBXs to drive the 
first Qword of the write onto the memory data lines. 
MEMDRIV is then driven to cause the LBXs to con- 
tinue to drive the first Qword. The PCMC then 
switches the MA[10:0] lines to the column address 
and asserts CAS[7:0]# to initiate the first write. 
CAS[7:0] # are then negated and asserted to per- 
form the writes to the DRAMs as the MA[1:0] lines 
advance through the Pentium microprocessor burst 
order. A single write is similar to the first write of the 
burst sequence. MIG[2:0] are driven to NOPM in the 
clock after CAS[7:0] # are asserted. 
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Figure 6-10. Burst DRAM Write Cycle, 0-Active RAS# Mode 
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6.6 Refresh 


The refresh of the DRAM array can be performed by 
either using RAS #-only or CAS #-before-RAS# re- 
fresh cycles. When programmed for CAS #-before- 
RAS# refresh, hidden refresh cycles are initiated 
when possible. RAS# only refresh can be used with 
any type of second level cache configuration (i.e., no 
second level cache is present, or either a burst 
SRAM or standard SRAM second level cache is im- 
plemented). CAS #-before-RAS # refresh can be en- 
abled when either no second level cache is present 
or a burst SRAM second level cache is implement- 
ed. CAS #-before-RAS # refresh should not be used 
when a standard SRAM second level cache is imple- 
mented. The timing of internally generated refresh 
cycles is derived from HCLK and is independent of 
any expansion bus refresh cycles. 


The DRAM controller contains an internal refresh 
timer which periodically requests the refresh control 
logic to perform either a single refresh or a burst of 
four refreshes. The single refresh interval is 15.6 ws. 
The interval for burst of four refreshes is four times 
the single refresh interval, or 62.4 ws. The PCMC is 
configured for either single or burst of four refresh 
and either RAS#-only or CAS#-before-RAS# re- 
fresh via the DRAM Control Register (offset 57h). 


To minimize performance impact, refresh cycles are 
partially deferred until the DRAM interface is idle. 
The deferment of refresh cycles is limited by the 
DRAM maximum RAS # low time of 100 ws. Refresh 
cycles are initiated such that the RAS# maximum 
low time is never violated. 
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Hidden refresh cycles are run whenever all eight 
CAS # lines are active when the refresh cycle is in- 
ternally requested. Normal CAS #-before-RAS# re- 
fresh cycles are run whenever the DRAM interface is 
idle when the refresh is requested, or when any sub- 


set of the CAS# lines is inactive as the refresh is 
internally requested. 


To minimize the power surge associated with re- 
freshing a large DRAM array the DRAM interface 
staggers the assertion of the RAS# signals during 
both CAS#-before-RAS# and RAS#-only refresh 
cycles. The order of RAS# edges is dependent on 
which RAS# was most recently asserted prior to the 
refresh sequence. The RAS # that was active will be 
the last to be activated during the refresh sequence. 
All RAS[5:0] # lines are negated at the end of re- 
fresh cycles, thus, the first DRAM cycle after a re- 
fresh sequence is a row miss. 


6.6.1 RAS#-ONLY REFRESH-SINGLE 


Figure 6-11 depicts a RAS #-only refresh cycle when 
the PCMC is programmed for single refresh cycles. 
The diagram shows a CPU read cycle completing as 
the refresh timing inside the PCMC generates a re- 
fresh request. The refresh address is driven on the 
MA[10:0] lines. Since the CPU cycle was to row 0, 
RASO# is negated. RAS1 # is the first to be assert- 
ed. RAS2# through RAS5# are then asserted se- 
quentially while RASO# is driven high, precharging 
the DRAMs in row 0. RASO# is then asserted after 
RAS5#. Each RAS# line is asserted for six host 
clocks. 
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Figure 6-11. RAS # -Only Refresh-Single 
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6.6.2 CAS#-BEFORE-RAS# REFRESH- 
SINGLE 


Figure 6-12 depicts a CAS #-before-RAS# refresh 
cycle when the PCMC is programmed for single re- 
fresh cycles. The diagram shows a CPU read cycle 
completing as the refresh timing inside the PCMC 
generates a refresh request. The CPU read cycle is 
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less than a Qword, therefore a hidden refresh is not 
initiated. After the CPU read cycle completes, all of 
the RAS# and CAS # lines are negated. The PCMC 
then asserts CAS[7:0] # and then sequentially as- 
serts the RAS# lines, starting with RAS1# since 
RASO# was the last RAS# line asserted. Each 
RAS # line is asserted for six clocks. 
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Figure 6-12. CAS #-—before-RAS# Refresh-Single 
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6.6.3 HIDDEN REFRESH-SINGLE therefore a hidden refresh is initiated. After the CPU 

read cycle completes, RAS# is negated, but ail 
Figure 6-13 depicts a hidden refresh cycle which eight CAS# lines remain asserted. The PCMC then 
takes place after a DRAM read page hit cycle. The sequentially asserts the RAS# lines, starting with 
diagram shows a CPU read cycle completing as the RAS1# since RASO# was the last active RAS# 
refresh timing inside the PCMC generates a refresh line. Each RAS # line is asserted for six clocks. 
request. The CPU read cycle is an entire Qword, 
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Figure 6-13. Hidden Refresh-Single 
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7.0 PC! INTERFACE 


7.1 PCl interface Overview 


The PCMC and LBXs form a high performance 
bridge from the Pentium microprocessor to PC! and 
from PCI to main memory. During PCl-to-main mem- 
ory cycles, the PCMC and LBXs act as a target on 
the PCI Bus, allowing PCI masters to read from and 
write to main memory. During CPU cycles, the 
PCMC acts as a PC! master. The CPU can then read 
and write 1/O, memory and configuration spaces on 
PCI. When the CPU accesses I/O mapped and con- 
figuration space mapped PCMC registers, the PCMC 
intercepts the cycles and does not forward them to 
PCI. Although these CPU cycles do not result in a 
PCI bus cycle, they are described in this section 
since most of the PCMC internal registers are 
mapped into PCI configuration space. 


7.2 CPU-to-PCi Cycles 


7.2.1 CPU WRITE TO PCI 


Figure 7-1 depicts a series of CPU memory writes 
which are posted to PCI. The CPU initiates the cy- 
cles by asserting ADS# and driving the memory ad- 
dress onto the host address lines. The PCMC as- 
serts NA# in the clock after ADS# allowing the 
Pentium microprocessor to drive another cycle onto 
the host bus two clocks later. The PCMC decodes 
the memory address and drives PCPWL on the 
HIG[4:0] lines, posting the host address bus and the 
low Dword of the data bus to the LBXs. The PCMC 
asserts BRDY #, terminating the CPU cycle with one 
wait state. Since NA# is asserted in the second 
clock of the first cycle, the Pentium microprocessor 
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does not insert an idle cycle after this cycle com- 

pletes, but immediately drives the next cycle onto 
the bus. Thus, the Pentium microprocessor maxi- 
mum Dword write bandwidth of 89 MBytes/second 
is achieved during back-to-back Dword writes cy- 


cles. Each of the following write cycles is posted to 
the LBXs in three clocks. 


The PCMC is parked on PCI and therefore, does not 
need to arbitrate for the bus. When parked, the 
PCMC drives the SCPA command on the PIG[3:0] 
lines and asserts DRVPCI, causing the host address 
lines to be driven on the PC! AD[31:0] lines. After 
the write is posted, the PCMC drives the DCPWA 
command on the PIG[3:0] lines to drive the previ- 
ously posted address onto the AD[31:0] lines. The 
PCMC then drives DCPWD onto the PIG[3:0] lines, 
to drive the previously posted write data onto the 
AD[31:0] lines. As this is occuring on PCI, the sec- 
ond write cycle is being posted on the host bus. In 
this case, the second write is to a sequential and 
incrementing address. Thus, the PCMC leaves 
FRAME # asserted, converting the write cycle into a 
PCI burst cycle. The PCMC continues to drive the 
DCPWD command on the PIG[3:0] lines. The LBXs 
advance the posted write buffer pointer to point to 
the next posted Dword when DCPWD is sampled on 
PIG[3:0] and TRDY# is sampled asserted. There- 
fore, if the target inserts a wait state by negating 
TRDY #, the LBXs continue to drive the data for the 
current transfer. The remaining writes are posted on 
the host bus, while the PCMC and LBXs complete 
the writes on PCI. 


CPU I/O write cycles to PCI differ from the memory 
write cycle described here in that I/O writes are nev- 
er posted. BRDY # is asserted to terminate the cycle 
only after TRDY # is sampled asserted, completing 
the cycle on PCI. 
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Figure 7-1. CPU Memory Writes to PCI 
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7.2.2 CPU READ FROM PCI 


Figure 7-2 depicts a CPU read cycle from PCI within 
the Frame Buffer Range. The PCMC decodes the 
cycle and drives the LCPRA command on the 
HIG[4:0] lines, causing the LBXs to latch the read 
address. The HIG[4:0] lines then transition to the 
CPRF command to enable the LBXs to drive the PCI 
read data onto the host data bus. The PCMC is not 
parked on PCI in this case, and therefore must as- 
sert REQ# and wait for GNT# to be sampled as- 
serted before initiating the PCI cycle. When the 
PCMC samples GNT # asserted, it drives SCPRA on 
the PIG[3:0] lines. When the LBXs sample this com- 
mand, the latched CPU read address is driven on 
the PCI AD[31:0] lines. The PCMC then drives the 
LCPRF command on the PIG[3:0] lines to direct the 
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read data into the first location in the CPU-to-PCl 
read prefetch buffer. Since the read access is to the 
Frame Buffer Range, the PCMC initiates a burst read 
of four Dwords to fill the read prefetch buffer. The 
CPU-to-PCI Prefetch bit in the Frame Buffer Range 
Register (offsets 7Ch - 7Fh) must be set to 1 to en- 
able the prefetching. The LCPRA command causes 
the next read to be directed to the second location 
in the prefetch buffer. Changing from LCPRA to 
LCPRB causes the third Dword to be directed to the 
third location in the prefetch buffer. Finally, changing 
from LCPRB back to LCPRA causes the fourth 
Dword to be directed to the fourth location in the 
prefretch buffer. The first Dword returned by the tar- 
get is dirven onto the host data bus and the cycle is 
terminated with BRDY #. If a subsequent read cycle 
hits on of the remaining Dwords in the prefetch buff- 
er, the read data is driven from the prefetch buffer. 
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Figure 7-2. CPU Read from PCI Frame Buffer Range 
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7.3 Register Access Cycles 


The PCMC contains two registers which are mapped 
into 1/O space, the Configuration Space Enable 
Register (I/O port CF8h) and the Turbo-Reset Con- 
trol Register (I/O port CF9h). All other internal 
PCMC configuration registers are mapped into PCI 
configuration space. Configuration space must be 
enabled by writing a non-zero value to the Key field 
in the CSE Register before accesses to these regis- 
ters can occur. These registers are mapped to loca- 
tions C0O0Oh through COFFh in PCI configuration 
space. If the Key field is programmed with Oh, CPU 
I/O cycles to locations CO00h through CFFFh are 
forwarded to PCI as ordinary |/O cycles. Externally, 
accesses to the I/O mapped registers and the con- 
figuration space mapped registers use the same bus 
transfer protocol. Only the PCMC internal decode of 
the cycle differs. NA# is never asserted during 
PCMC configuration register or PCI configuration 
register access cycles. See Section 3.2, PCI Config- 
uration Space Mapped Registers for details on the 
PCMC configuration space mapping mechanism. 


7.3.1 CPU WRITE CYCLE TO PCMC INTERNAL 
REGISTER 


A write to an internal PCMC register (either CSE 
Register, TRC Register or a configuration space- 
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mapped register) is shown in Figure 7-3. The cycle 
begins with the address, byte enables and status 
signals (W/R#, D/C# and M/IO#) being driven to 
a valid state indicating an |/O write to either CF8h to 
access the CSE register, CF9h to access the TRC 
Register or COXXh when configuration space is en- 
abled to access a PCMC internal configuration regis- 
ter. The PCMC decodes the cycle and asserts 
AHOLD to tri-state the CPU address lines. The 
PCMC signals the LBXs to copy either the upper 
Dword or the lower Dword of the data bus onto the 
address lines. The PCMC makes the decision on 
which Dword to copy based on the BE[7:0] # lines. 
The HIG[4:0] lines are driven to DACPYH or DAC- 
PYL depending on whether the lower Dword of the 
data bus or the upper Dword of the data bus needs 
to be copied onto the address bus. The LBXs sam- 
ple the HIG[4:0] command, and drive the data onto 
the address lines. The PCMC samples the A[31:0] 
lines on the second rising edge of HCLK after the 
LBXs begin driving the data. Finally, the PCMC ne- 
gates AHOLD and asserts BRDY #, terminating the 
cycle. 


If the write is to the CSE Register and the Key field is 
programmed to 0000b then configuration space is 
disabled. If the Key field is programmed to a non- 
zero value then configuration space is enabled. 
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Figure 7-3. CPU Write to a PCMC Configuration Register 
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7.3.2 CPU READ CYCLE FROM PCMC 
INTERNAL REGISTER 


A read from an internal PCMC register (either CSE 
Register, TRC Register or a configuration space- 
mapped register) is shown in Figure 7-4. The I/O 
read cycle is from either CF8h to access the CSE 
register, CF9h to access the TRC Register or COXXh 
when configuration space is enabled to access a 
configuration space-mapped register. The PCMC 
decodes the cycle and asserts AHOLD to tri-state 
the CPU address lines. The PCMC then drives the 
contents of the addressed register onto the A[31:0] 
lines. One byte is enabled on each rising HCLK edge 
for four consecutive clocks. The PCMC signals the 
LBXs that the current cycle is a read from an internal 
PCMC register by issuing the ADCPY command to 
the LBXs over the HIG[4:0] lines. The LBXs sample 
the HIG[4:0] command and copy the address lines 
onto the data lines. Finally, the PCMC negates 
AHOLD, and asserts BRDY # terminating the cycle. 


7.3.3 CPU WRITE TO PCI DEVICE 
CONFIGURATION REGISTER 


In order to write to or read from a PCI device config- 
uration register the Key field in the CSE register 
must be programmed to a non-zero value, enabling 
configuration space. When configuration space is 
enabled, PCI device configuration registers are ac- 
cessed by CPU I/O accesses within the range of 
CnXXh where each PCI device has a unique non- 
zero value of n. This allows a separate configuration 
space for each of 15 devices on PCI. Recall that 
when configuration space is enabled, the PCMC 
configuration registers are mapped into |/O ports 
Coooh through COFFh. 
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A write to a PCI device configuration register is 
shown in Figure 7-5. The PCMC internally latches 
the host address lines and byte enables. The PCMC 
asserts AHOLD to tri-state the CPU address bus and 
drives the address lines with the translated address 
for the PCI configuration cycle. The translation is de- 
scribed in Section 3.2, PCI Configuration Space 
Mapped Registers. On the HIG[4:0] lines, the PCMC 
signals the LBXs to latch either the upper Dword of 
the host data bus or the lower Dword of the host 
data bus to be driven onto PCI during the data phase 
of the PCI cycle. On the PIG[3:0] lines, the PCMC 
signals the LBXs to drive the latched host address 
lines on the PCI AD[31:0] lines. The upper two bytes 
of the address lines are used during configuration as 
IDSEL signals for the PCI devices. The IDSEL pin on 
each PCI device is connected to one of the 
AD[31:17] lines. 


The PCMC drives the command for a configuration 
write (1011) onto the C/BE[3:0] # lines and asserts 
FRAME # for one PCI clock. The PCMC drives the 
PIG[3:0] lines signaling the LBXs to drive the con- 
tents of the PCI write buffer onto the PCI AD[31:0] 
lines. This command is driven for only one PCI clock 
before returning to the SCPA command on the 
PIG[3:0] lines. The LBXs continue to drive the 
AD[31:0] lines with the valid write data as long as 
DRVPCI is asserted. The PCMC then asserts 
IRDY # and waits until sampling the TRDY# signal - 
active. When TRDY# is sampled asserted, the 
PCMC negates DRVPCI tri-stating the LBX AD[31:0] 
lines. BRDY # is asserted for one clock to terminate 
the CPU cycle. 
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Figure 7-4. CPU Read from PCMC Configuration Register 
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Figure 7-5. CPU Write to PCI Device Configuration Register 


7.3.4 CPU READ FROM PCI DEVICE 
CONFIGURATION REGISTER 


In order to write to or read from a PCI device config- 
uration register the Key field in the CSE register 
must be programmed to a non-zero value, enabling 
configuration space. When configuration space is 
enabled, PCI device configuration registers are ac- 
cessed by CPU I/O accesses within the range of 
CnXXh where each PCI device has a unique non- 
zero value of n. This allows a separate configuration 
space for each of 15 devices on PCI. Recall that 
when configuration space is enabled, the PCMC 
configuration registers occupy I/O addresses 
COXXH. 


A CPU read from a PCI device configuration register 
is shown in Figure 7- 6. The PCMC internally latches 
the host address lines and byte enables. The PCMC 
asserts AHOLD to tri-state the CPU address bus. 
The PCMC drives the address lines with the translat- 


ed address for the PCI configuration cycle. The 
translation is described in Section 3.2, PCI Configu- 
ration Space Mapped Registers. On the PIG[3:0] 
lines, the PCMC signals the LBXs to drive the 
latched host address lines on the PCI AD[31:0] 
lines. The upper two bytes of the address lines are 
used during configuration as IDSEL signals for the 
PCI devices. The IDSEL pin on each PCI device is 
connected to one of the AD[31:17] lines. 


The PCMC drives the command for a configuration 
read (1010) onto the C/BE[3:0] # lines and asserts 
FRAME # for one PCI clock. The PCMC drives the 
PIG[3:0] lines signaling the LBXs to latch the data 
on the PCI AD[31:0] lines into the CPU-to-PCIl first 
read prefetch buffer. The PCMC then drives the 
HIG[4:0] lines signaling the LBXs to drive the data 
from the buffer onto the host data lines. The PCMC 
asserts IRDY # and waits until sampling TRDY # ac- 
tive. After TRDY # is sampled active, BRDY # is as- 
serted for one clock to terminate the CPU cycle. 
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Figure 7-6. CPU Read from PCI Device Configuration Register 


During system initialization, the CPU typically at- attempted read from a configuration register of a 
tempts to read from the configuration space of all 15 non-existent device. If no device responds then the 
possible PCI devices to detect the presence of the PCMC aborts the cycle and sends the DRVFF com- 
devices. If no device is present, DEVSEL# is not mand over the HIG[4:0] lines causing the LBXs to 
asserted and the cycle is terminated, returning drive FF...FFh onto the host data lines. 

FF..FFh to the CPU. Figure 7-7 depicts an 
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Figure 7-7. CPU Attempted Configuration Read from Non-existent PCI Device 
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7.4 PCi-to-Main Memory Cycles 


7.4.1 PCl MASTER WRITE TO MAIN MEMORY 


Figure 7-8 depicts a PCI master burst write to main 
memory. The PCI master begins by driving the ad- 
dress on the AD[31:0] lines and asserting FRAME #. 
Upon sampling FRAME# active, the PCMC drives 
the LCPA command on the PIG[3:0] lines causing 
the LBXs to retain the address that was latched on 
the previous PCLK rising edge. The PCMC then 
samples MEMCS*# active, indicating that the cycle 
is directed to main memory. The PCMC drives the 
PPMWA command on the PIG[3:0] lines to move 
the latched PCI address into the write buffer address 
register. The PCMC then drives the DPWA com- 
mand on the HIG[4:0] lines enabling the LBXs to 
drive the PCI master write address onto the host 
address bus. The PCMC asserts EADS # to initiate a 
first level cache snoop cycle and simultaneously be- 
gins an internal second level cache snoop cycle. 
Since the snoop is a result of a PCI master write, 
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INV is asserted with EADS #. HITM# remains nega- 
ted and the snoop either hits an unmodified line or 
misses in the second level cache, thus no write-back 
cycles are required. If the snoop hit an unmodifed 
line in either the first or second level cache, the line 
is invalidated. The cycle is immediately forwarded to 
the DRAM interface. The four posted Dwords are 
written to main memory as two Qwords with two 
CAS|7:0] # cycles. In this example, the DRAM inter- 
face is configured for X-3-3-3 write timing, thus each 
CAS[7:0] # low pulse is two HCLKs in length. 


The PCMC disconnects the cycle by asserting 
STOP # when one of the two four-Dword-deep PCI- 
to-Memory Posted Write Buffers is full. If the master 
terminates the cycle before sampling STOP# as- 
serted, then IRDY#, STOP# and DEVSEL# are 
negated when FRAME # is sampled negated. If the 
master intended to continue bursting, then the mas- 
ter negates FRAME # when it samples STOP # as- 
serted. IRDY#, STOP# and DEVSEL# are then 
negated one clock later. 


HCLK AVAVACACACACACAVACECACAVAVAUACACACACAYAVACACACAVACACAS 


A[31:3] SE 
AHOLD |_| 
INV | 
EADS# | 
HITM# 

HIG[4:0} . 
MA[10:0] ; 
 WE# | 
CAS# | 
MD[63:0] | 
MIG[3:0] 
PCLK ; 
PIG[3:0]} ! . SCPA 
DRVPCI | pz 
MEMCS+# | 
FRAMES | 
AD[31:0] : 
IRDY# 
TRDY# | 
STOPS | 
DEVSEL# | 


(LPMA SCPA_X_PPMWA ) 


: 4 ' ‘ ‘ 
:__heawe: = RPE” ee 
NOPM , _.X_.X_,MEMDRV, X_, X_,|MEMDRV, _X NOP 
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Figure 7-8. PCI Master Write to Main Memory—Page Hit 
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7.4.2 PCl MASTER READ FROM MAIN 
MEMORY 


Figure 7-9 depicts a PCI master read from main 
memory. The PCI master initiates the cycle by driv- 
ing the read address on the AD[31:0] lines and as- 
serting FRAME #. The PCMC drives the LPMA com- 
mand on the PIG[3:0] lines causing the LBXs to re- 
tain the address latched on the previous PCLK rising 
edge. The PCMC drives the DPRA command on the 
HIG[4:0] lines enabling the LBXs to drive the read 
address onto the host address lines. The snoop cy- 
cle misses in the second level cache and either hits 
an unmodifed line or misses in the first level cache. 


Ey ta ip ie bl} ol 


HIG[4:0] 
MAI10:0] 

re ae 
MD{63:0] 
MIG[3:0] 

PCLK / 
PIG[3:0]} | SOPA 
DAVPCI |_| 
MEMCS# | 
FRAME# 
AD[31:0] — 

IRDY# 


TRDY# | 


STOP# | 


| 
DEVSEL# | 
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The cycle is then forwarded to the DRAM interface. 
A read of four Qwords is performed. Each Qword is 
posted in the PCl-Memory Read Prefetch Buffer. 
The data is then driven onto PCI in an eight Dword 
burst cycle. If the master terminates the cycle before 
sampling STOP#, then IRDY#, STOP# and 
DEVSEL# are all negated after FRAME# is sam- 
pled inactive. If the master intended to continue 
bursting, then the master negates FRAME # when it 
samples STOP# asserted and IRDY #, STOP# and 
DEVSEL# are negated one clock later. 


SEER ARARRA 


ee ound aut 7 awe) ae 


Cre Cnr OC 


(GRE |! ee 
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Figure 7-9. PCI Master Read from Main Memory—Page Hit 
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8.0 SYSTEM CLOCKING AND RESET 


8.1 Clock Domains 


The PCMC and LBXs operate based on two clocks, 
HCLK and PCLK. The CPU, second level cache, and 
the DRAM interfaces operate based on HCLK. The 
PCI interface timing is based on PCLK. 


8.2 Clock Generation and Distribution 


Figure 8-1 shows the host clock distribution in the 
CPU, cache and memory subsystem. HCLK is dis- 
tributed to the CPU, PCMC, LBXs and the second 
level cache SRAMs (in the case of a burst SRAM 
second level cache). 


The host clock originates from an oscillator which is 
connected to the HCLKOSC input on the PCMC. 
The PCMC generates six low skew copies of HCLK, 
HCLKA-HCLKF. Clock loading is balanced with 
each HCLK output driving two loads in the system. 


PCMC 


HCLKOSC 
HCLKIN 
HCLKA 
HCLKB 
HCLKC 
HCLKD 
HCLKE 
HCLKF 


a 

intel. 
Each clock output should drive a trace of length k 
with stubs at the end of the trace of length / connect- 
ing to the two loads. The / and A parameters should 
be matched for each of the six clock outputs to mini- 
mize overall system clock skew. One of the HCLK 
outputs is used to clock the PCMC and the Pentium 
processor. Because the clock driven to the PCMC 
HCLKIN input and the Pentium processor CLK input 
originates with the same HCLK output, clock skew 
between the PCMC and the CPU can be kept lower 
than between the PCMC and other system compo- 
nents. Another copy of HCLK is used to clock the 
LBXs. A 256 KByte burst SRAM second level cache 
can be implemented with eight 32K x 9 synchronous 
SRAMs. The four remaining copies of HCLK are 
used to clock the SRAMs. Each HCLK output drives 
two SRAMs. A 512 KByte second level cache is im- 
plemented with four 64K x 18 synchronous SRAMs. 
Two of the four extra copies are used to clock the 
SRAMs while the other two are unused. Any one of 
the HCLK outputs can be used to clock the PCMC 
and Pentium processor, the two LBXs or any pair of 
SRAMs. All six copies are identical in drive strength. 


To Burst SRAMs 
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Figure 8-1. HCLK Distribution 
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Figure 8-2. PCi Clock Distribution 


Figure 8-2 depicts the PCI clock distribution. 


The PCMC generates PCLKOUT with an internal 
Phase Locked Loop (PLL). The PCLKOUT signal is 
buffered using a single component to produce sev- 
eral low skew copies of PCLK to drive the LBXs and 
other devices on PCI. One of the outputs of the 
clock driver is directed back to the PCLKIN input on 
the PCMC. The PLL locks the rising edges of 
PCLKIN in phase with the rising edges of HCLKIN. 
The PLL effectively compensates for the delay of 
the external clock driver. The resulting PCI clock is 
one half the frequency of HCLK. Timing for all of the 
PCI interface signals is based on PCLKIN. All PCI 
interface inputs are sampled on PCLKIN rising 


edges and all outputs transition as valid delays from 
PCLKIN rising edges. Clock skew between the 
PCLKIN pin on the PCMC and the PCLK pins on the 
LBXs must be kept within 1.25 ns to guarantee prop- 
er operation of the LBXs. 


8.3 Phase Locked Loop Circuitry 


The PCMC contains two internal Phase Locked 
Loops (PLLs). Loop filters and power supply decou- 
pling circuitry must be provided externally. Figure 8-3 
shows the PCMC connections to the external PLL 
Circuitry. 
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PLLARC1 
PLLARC2 
PLLAGND 


PLLAVDD 


PLLAVSS 


PLLBRC1 
PLLBRC2 
PLLBGND 


PLLBVDD 


PLLBVSS 
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Figure 8-3. PCMC PLL Circuitry Connections 


One of the PCMC internal Phase Locked Loops 
(PLL) locks onto the HCLKIN input. The PLL is used 
by the PCMC in generating and sampling timing crit- 
ical signals. An external loop filter is required. The 
PLLARC1 and PLLARC2 pins connect to the exter- 
nal HCLK loop filter. Two resistors and a capacitor 
form the loop filter. The loop filter circuitry should be 
placed as close as possible to the PCMC loop filter 
pins. The PLL also has dedicated power and ground 
pins, PLLAVDD, PLLAVSS and PLLAGND. These 
power pins require a low noise supply. PLLAVDD, 
PLLAVSS and PLLAGND must be connected to the 
RC network shown in Figure 8-3. 


The second PCMC internal Phase Locked Loop 
(PLL) locks the PCLKIN input in phase with the 
HCLKIN input. The PLL is used by the PCMC to 
keep the PCI clock in phase with the host clock. An 
external loop filter is required. The PLLBRC1 and 
PLLBRC2 pins connect to the external PCLK loop 
filter. Two resistors and a capacitor form the loop 
filter. The loop filter circuitry should be placed as 
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close as possible to the PCMC loop filter pins. The 
PLL also has dedicated power and ground pins, 
PLLBVDD, PLLBVSS and PLLBGND. These power 
pins require a low noise supply. PLLBVDD, 
PLLBVSS and PLLBGND must be connected to the 
RC network shown in Figure 8-3. 


The resistance and capacitance values for the exter- 
nal PLL circuitry are listed below. 


R1 = 15K +5% 
R2 = 1002 +5% 
R3 = 339 +5% 
C1 = 0.047 pF +10% 


C2 = 1.0 pF +10% 


8.4 System Reset 


Figure 8-4 shows the PCMC system reset connec- 
tions. The PCMC reset logic monitors PWROK and 
generates CPURST, PCIRST# and INIT. 


CPURST 


PCIRST# 
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Power Stable 
& 


Front Panel Reset 


KBD_RST# 


ALT_RST# 
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Figure 8-4. PCMC System Reset Logic 
\ 


When asserted, PWROK is an indicator to the PCMC 
that VDD and HCLK have stabilized long enough for 
proper system operation. CPURST is asserted to ini- 
tiate hard reset. INIT is asserted to initiate soft reset. 
PCIRST # is asserted to reset devices on PCI. 


Hard reset is initiated by the PCMC in response to 
one of two conditions. First, hard reset is initiated 
when power is first applied to the system. PWROK 
must be driven inactive and must not be asserted 
until 1 ms after VDD and HCLK have stabilized at 
their A.C. and D.C. specifications. While PWROK is 
negated, the PCMC will assert CPURST and 


PCIRST #. PWROK can be asserted asynchronous- 
ly. When PWROK is asserted, the PCMC first en- 
sures that it has been completely initialized before 
negating CPURST and PCIRST #. CPURST is nega- 
ted synchronously to the rising edge of HCLK. 
PCIRST # is negated asynchronously. 


When PWROK is negated, the PCMC asserts 
AHOLD causing the CPU to tri-state the host ad- 
dress lines. Address lines A[31:28] are sampled by 
the PCMC on the rising edge of PWROK. A[31:30] 
are inverted and stored in configuration register 52h 
bits 7 and 6. The A[31:30] strapping options are de- 
picted in Table 8-1. 


Table 8-1. A[31:30] Strapping Options 


Configuration 
Register 52h, 


Bits [7:6] 


Secondary 
Cache Size 


Cache Not Populated 


512 KB Cache Installed 
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The value sampled on A29 is inverted inside the 
PCMC and stored in the SRAM Type bit (bit 5) in the 
SCC Register. A28 is required to be pulled high for 
compatibility with future versions of the PCMC. 


The PCMC also initiates hard reset when the System 

Hard Reset Enable bit in the Turbo-Reset Control 
Register (1/O address CFQh) is set to 1 and the Re- 
set CPU bit toggles from 0 to 1. The PCMC drives 
CPURST and PCIRST# active for a minimum of 
1 ms. 
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Table 8-2 shows the state of all PCMC output and bi- 
directional signals during hard reset. During hard re- 
set both CPURST and PCIRST# are asserted. 
When the hard reset is due to PWROK negation, 
AHOLD is asserted. The PCMC samples the strap- 
ping options on the A[31:28] lines on the rising edge 
of PWROK. When hard reset is initiated via a write to 
the Turbo-Reset Control Register (I/O port CF9h) 
AHOLD remains negated throughout the hard reset. 


Table 8-2. Output and I/O Signal States During Hard Reset 
Undefined 


INV 


Soft reset is initiated by the PCMC in response to 
one of two conditions. First, when the System Hard 
Reset Enable bit in the TRC Register is reset to 0, 
and the Reset CPU bit toggles from 0 to 1, the 
PCMC initiates soft reset by asserting INIT for a 
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minimum of 16 HCLKs. Second, the PCMC initiates 
soft reset upon detecting a shutdown cycle from the 
CPU. In this case, the PCMC first broadcasts a shut- 
down special cycle on PCI and then asserts INIT for 
a minimum of 16 HCLKs. 


intel. 
9.0 ELECTRICAL 
CHARACTERISTICS 


9.1 Absolute Maximum Ratings 


Case Temperature under Bias ....... 0°C to + 85°C 
Storage Temperature .......... —65°C to + 150°C 
Voltage on Any Pin 

with Respect to Ground ...—-0.3V to Vcc +0.3V 
Supply Voltage 

with Respect to Vss ........... —O:5¥ tO +65 
Maximum Power Dissipation ................ 2.0W 


9.2 Thermal Characteristics 


82434LX 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


The PCMC is designed for operation at case temperatures between 0°C and 85°C. The thermal resistances of 


the package are given in Table 9-1. 


Table 9-1. PCMC Package Thermal Resistance 


Oya °C/W) 
aoCC/W) | 86 


| Air Flow 
Parameter Meters/Second (Linear Feet per Minute) 


} 0(0) | 0.5 (98.4) 1.0 (196.9) 2.0 (393.7) 


5.0 (984.3) 


r 
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9.3 D.C. Characteristics 
Table 9-2. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


[Symbot | __ Parameter | Min | Max | Unt | Notes 


Vti- Schmitt Trigger Threshold S 

Coen Voltage, Falling Edge ei sg. ata 
VTi+ Schmitt Trigger Threshold ts 

| ee ie Voltage, Rising Edge bie eal 


Hysteresis | Hysteresis Voltage Sacre Note 3, Voc = 5.0V 


Vro~ Schmitt Trigger Threshold ; 
cee SS fees! Edge Note 3, Voc = 5.0V 


Note 3, Voc = 5.0V 


ieioeke Voltage Go Note 3, Voc = 5.0V 
ie ee ee ee 


a tee Te ee 
“Vow | Owpatrignvonage | ea | |v | Nas 
Maus | Owputtowouren | ‘| 1 | ma | Nowe —*d: 
Mons | Output righcurent [1 |_| ma | Nowe 
Maz | Ouwpattowcuren | [| 8 | ma | Noe? 
Mowe | Oupatrighcurent | 2 [| ma | Noe? 
Fas | OupatLowcurent | [|e | ma | Nowe 
Mons | Output righ current | 2 |_| ma | Nowe 
Mau | Ouptrowcurent | | a | ma | Nowe 
ons | OvtputrighGurent | -1 |_| ma | Noes 
eT ee 


Input Meee Current 


NOTES: 

1. Vity and Viy4 apply to the following signals: A[31:0], BE[7:0]#, D/C #, W/R#, M/IO#, HLOCK#, ADS#, PCHK#, 
HITM#, CACHE#, SMIACT#, PCLKIN, HCLKIN, HCLKOSC, FLSHBUF#, MEMCS#, SERR#, PERR#, MEMREQ#, 
GNT#, PLOCK#, STOP#, IRDY#, TRDY#, FRAME#, C/BE[3:0] #. 

2. Vito and Vip apply to the following signals: PPOUT[1:0], EOL. 

3. Vti—, Vt14+ and Vy1 apply to PWROK. Vro_, Vro+ and Vypa apply to TESTEN. 

4. Voi1 and Von: apply to the following signals: HIG[4:0], MIG[2:0], PIG[3:0], DRVPCI, MDLE. 
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5. Vo_2 and Voue apply to the following signals: REQ#, MEMACK#, FRAME#, C/BE[3:0] #, TRDY#, IRDY#, STOP#, 
PLOCK#, DEVSEL#, PAR, PERR#, SERR#, BOFF#, AHOLD, BRDY#, NA#, EADS#, KEN#, INV, A[31:0], 
PCLKOUT, HCLKA - HCLKF, CALE, COE[1:0]#, CWE[7:0]#, CADV[1:0]#, CADS[1:0]#, CAA[6:3], CAB[6:3], 
RAS[5:0] #, CAS[7:0] #, MA[10:0], WE#. 

- loti and lon apply to the following signals: HIG[4:0], MIG[2:0], PIG[3:0], DRVPCI, MDLE. 

. loc2 and IoH2 apply to the following signals: C/BE[3:0] #, REQ#, MEMACK#, PCIRST#, MA[10:0], WE#. 

. locg and long apply to the following signals: FRAME #, TRDY#, IRDY#, STOP #, PLOCK#, DEVSEL#, PAR, PERR#, 
SERR#. 

. loca and lonH4 apply to the following signals: BOFF#, AHOLD, BRDY#, NA#, EADS#, KEN#, INV, CPURST, INIT, 
A[31 sa PCLKOUT, CALE, COE[1:0]#, CADS[1:0]#, CADV[1:0]#, CWE[7:0]#, CAA[6:3], CAB[6:3], RAS[5:0] #, 
CAS[7:0] #. 


oN OD 


co 


9.4 A.C. Characteristics pulse widths, clock high and low times and clock 
period specifications. Figures 9-1 through 9-9 define 


The A.C. characteristics given in this section consist these specifications. Sections 9.4.1 through 9.4.8 list 
of propagation delays, valid delays, input setup re- the A.C. Characteristics. Output test loads are listed 


quirments, input hold requirements, output float de- in the right column. 
lays, output enable delays, output-to-output delays, 


In Figures 9-1 through 9-9, Vr = 1.5V for the following signals: 


A[31:0], BE[7:0]#, PEN#, D/C#, W/R#, M/IO#, HLOCK#, ADS#, PCHK#, HITM#, EADS#, BRDY#, 
BOFF #, AHOLD, NA#, KEN#, INV, CACHE #, SMIACT#, INIT, CPURST, CALE, CADV[1:0] #, COE[1:0] #, 
CWE[7:0] #, CADS[1:0]#, CAA[6:3], CAB[6:3], WE#, RAS[5:0]#, CAS[7:0]#, MA[10:0], C/BE[3:0] #, 
FRAME#, TRDY#, IRDY#, STOP#, PLOCK#, GNT#, DEVSEL#, MEMREQ#, PAR, PERR#, SERR#, 
REQ#, MEMCS#, FLSHBUF#, MEMACK#, PWROK, PCIRST#, HCLKIN, HCLKA-HCLKF, PCLKIN, 
PCLKOUT. 


Vr = 2.5V for the following signals: 


PPOUT[1:0], EOL, HIG[4:0], PIG[3:0], MIG[2:0], DRVPCI, MDLE. 


9.4.1 HOST CLOCK TIMING, 66 MHz 
Table 9-3. Functional Operating Range (Vcc = 4.9V to 5.25V, Tcase = 0°C to + 70°C) 


Teymbot | Parameter [in| Max | Figure | Note) 
Tita | neiKoscrigntime «| eo | | ee | 
Tie | Hoikosclowtme =i] Cid 
Tia | woiKnrenod —SsC=~“‘idSS =| Cm] ee | 
tz | HeLKINPerca Sanity ——*[~—~—~i (too | 
a 
Ted | wouanuowtme ——SSSCidT | | 
a 
Te | wouretme TS ee fe 
tga | HLKA-HOLKF Ouipatio-Outpatsrow | | 05 | 00 | opr 
THGLKACHOLKFHighTime | so | | 6 | opr 
[tae | HOLKA-HOLKFLowTine ‘| so | | 06 | opr 


NOTE: 
1. Measured on rising edge of adjacent clocks at 1.5V. 
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9.4.2 CPU INTERFACE TIMING, 66 MHz 
Table 9-4. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


Symbot [Parameter ———=«| ‘Min’ | Max | Figure 


t10a ADS #, HITM#, W/R#, M/IO4, 4.6 
D/C #, HLOCK#, CACHE#, 
BE[7:0] #, SMIACT # Setup Time to 
HCLKIN Rising 

ADS #, HITM#, W/R#, M/IO#, 

D/C#, HLOCK#, CACHE #, 

BE[7:0] #, SMIACT # Hold Time from 

HCLKIN Rising 


tila PCHK# Setup Time to HCLKIN Rising 


ti1b PCHK# Hold Time from HCLKIN 
Rising 
t12a A[18:3] Rising Edge Setup Time to 
HCLKIN Rising 
A[18:3] Falling Edge Setup Time to 
HCLKIN Rising 


t10b 


hh 
— 


Setup to HCLKIN Rising 
when ADS # is Sampled 
Active by PCMC. 


aS 
oO 


Setup to HCLKIN Rising 
when ADS # is Sampled 
Active by PCMC. 

4.7 Setup to HCLKIN Rising 
when ADS # is Sampled 
Active by PCMC. 
Setup to HCLKIN Rising 
when ADS # is Sampled 
Active by PCMC. 


Hold from HCLKIN Rising 
Two Clocks after ADS # is 


t12b A[31:0] Hold Time from HCLKIN 
Rising 
t12c A[31:0] Setup Time to HCLKIN Rising 


Sampled Active by PCMC. 
Setup to HCLKIN Rising 
when EADS # is Sampled 
Active by the CPU. 


Hold from HCLKIN Rising 
when EADS # is Sampled 
Active by the CPU. 


t12ab A[31:19] Rising Edge Setup Time to 
HCLKIN Rising 


t12e A[31:0] Output Enable from HCLKIN 
Rising 

t12f A[31:0] Valid Delay from HCLKIN 
Rising 

t12g A[31:0] Float Delay from HCLKIN 
Rising 


t12ac A[31:19] Falling Edge Setup Time to 4.1 
HCLKIN Rising 


t12d A[31:0] Hold Time from HCLKIN 
Rising 


— 


. 
nh 


0 pF 
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t12h A[2:0] Propagation Delay from 9-1 0 pF 
BE[7:0] # 
BRDY # Rising Edge Valid Delay from 1.0 7.8 0 pF 
HCLKIN Rising 
BRDY # Falling Edge Valid Delay from 1 7.6 0 pF 
HCLKIN Rising 

t14 NA # Valid Delay from HCLKIN Rising | 1.3 | 7.8 | 9-2 | 0 pF 
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{ay 9-4. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) (Continued) 


Parameter ee TS FA, 1 ee eee 
AHOLD Valid Delay from 7.1 0 pF 
HCLKIN Rising 
t15b BOFF # Valid Delay from 7.1 
HCLKIN Rising 
t16a EADS #, INV, PEN#, Valid 1.3 7.4 0 pF 
Delay from HCLKIN Rising 
t16b CPURST Rising Edge Valid 7.5 
Delay from HCLKIN Rising 
t16c CPURST Falling Edge Valid 7.0 
Delay from HCLKIN Rising 
ti6d KEN # Valid Delay from 7.6 
HCLKIN Rising 
t17 INIT High Pulse Width 16 HCLKs Soft Reset via TRC 
—§ Register or CPU 
Shutdown Special Cycle, 0 pF 
t18 CPURST High Pulse Width Hard Reset via 
TRC Register, 0 pF 
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9.4.3 SECOND LEVEL CACHE STANDARD SRAM TIMING, 66 MHz 
Table 9-5. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


[symbot [Parameter | Min 
CAA[6:3]/CAB[6:3] 
Propagation Delay from A[6:3] 
CAA[6:3]/CAB[6:3] Valid 
Delay from HCLKIN Rising 


t21a COE[1:0] # Falling Edge Valid 
Delay from HCLKIN Rising 
t21b COE[1:0] # Rising Edge Valid 
Delay from HCLKIN Rising 
CWE[7:0] #/CBS[7:0] # CPU Burst or Single Write to 
Falling Edge Valid Delay from 


Second Level Cache, 0 pF 
HCLKIN Rising 


CWE[7:0] #/CBS[7:0] # Rising 1 CPU Burst or Single Write to 
Write to Second Level Cache, 


0 pF 


Cache Line Fill, 0 pF 


Last Write to Second Level 
Cache during Cache Line Fill, 
0 pF 


Edge Valid Delay from HCLKIN” 
Rising 


caus ~“ 
Bs NO 


CWE[7:0] #/CBS[7:0] # Low 1 HCLK 
Pulse Width 


4 
CWE[7:0] #/CBS[7:0] # Valid 1 ta 
Delay from HCLKIN Rising 


CALE Valid Delay from 

HCLKIN Rising 

CR/W([1:0] # Valid Delay from 7. 
HCLKIN Rising 


N 
on 


4 
CAA[4:3]/CAB[4:3] Valid 1. 
before CWE[7:0] # Falling 


CBS[7:0] # Valid Delay from 
HCLKIN Rising, Reads from 
Cache SRAMs 


CWE[7:0] # /CBS[7:0] # wall 
Driven High before CALE 
Driven High 


1-182 


pan 


: ntel : 82434LX 


9.4.4 SECOND LEVEL CACHE BURST SRAM TIMING, 66 MHz 
Table 9-6. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


rtaoa | CAAIGSI/CABI6S| Propagation Delay fom ABS] 
Teob | CAAI6S1/CABI6S Vals Delay rom HCLKIN ising 
ret | CADSIT:o1# Val Delay rom HOLKINFisng 
es 


al 
on 


CADVI1:0] # Valid Delay from HCLKIN Rising 


CWE[7:0] # Valid Delay from HCLKIN Rising 

COE[1:0] # Falling Edge Valid Delay from HCLKIN Rising aati 
COEI1:0] # Rising Edge Valid Delay from HCLKIN Rising | 0 
[ies | CALE Vaid Delay fom HCLKINFising 


9.4.5 DRAM INTERFACE TIMING, 66 MHz 
Table 9-7. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = O0°C to + 70°C) 


RAS[5:0] # Valid Delay 
from HCLKIN Rising 
RAS[5:0] # Pulse Width 4 HCLKs — 5 


High 


CAS[7:0] # Valid Delay 
from HCLKIN Rising 


eal 
oO 


WE # Valid Delay from 
HCLKIN Rising 
t43a MA[10:0] Propagation 
Delay from A[23:3] 
t43b MA[10:0] Valid Delay 
from HCLKIN Rising 
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9.4.6 PCi CLOCK TIMING, 66 MHz 
Table 9-8. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


[symbot [Parameter | win | Max | Figure | Notes 
[woe | peikOuTHign Tine | 13 | ee ae 
[0 | peixourtowtme | a3 | i ed ae 
[wie | pouannionting | v2 [if es 
[wis | POUaN Low Time | a |p ee 
Tate Co] ouilieetin [| ap eee 
asta | emote pps eee oe 


9.4.7 PCI INTERFACE TIMING, 66 MHz 
Table 9-9. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


Tempo |. ———sParameter | in | Max | Figure | Notes 


C/BE[3:0] #, FRAME #, TRDY #, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Valid Delay from PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY#, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL.# Output Enable Delay from 
PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY #, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 


DEVSEL # Float Delay from PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY #, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Setup Time to PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY#, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL# Hold Time from PCLKIN Rising 


REQ#, MEMACK # Valid Delay from Min: 0 pF 

PCLKIN Rising Max: 50 pF 

REQ#, MEMACK # Output Enable Delay 

from PCLKIN Rising 


t61c REQ#, MEMACK # Float Delay from -4 
PCLKIN Rising 
FLSHREQ#, MEMREQ# Setup Time to 12 
PCLKIN Rising 
FLSHREQ #, MEMREQ# Hold Time from 
PCLKIN Rising 


MEMCS Setup Time to PCLKIN Rising 
MEMCS # Hold Time from PCLKIN Rising we 


ae PCIRST # Low Pulse Width 4 ms 


Hard Reset via 
TRC Register, 0 pF 
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9.4.8 LBX INTERFACE TIMING, 66 MHz 
Table 9-10. Functional Operating Range (Vcc = 4.9V to 5.25V; Tcase = 0°C to + 70°C) 


[symboi|Parameter | in | ae 
[70 | HiGI&0] Vaid Delay fom HCLKINng ———~S—*dtCow | as 
[71 | MiGI201 Valid Delay tom HCLKINisng———~—S~*dt(o | as 


= 
82 
[PiGIso] Vaid Delay romPCLKINisng _——~=ds or | 10a | ee 
= 
82 | oF 
= 
= 
= 


PCIDRV Valid Delay from PCLKIN Rising | 


MDLE Falling Edge Valid Delay from HCLKIN Rising 
t74b MDLE Rising Edge Valid Delay from HCLKIN Rising 
EOL, PPOUTI1:0] Setup Time to PCLKIN Rising 


EOL, PPOUT[1:0] Hold Time from PCLKIN Rising 


9.4.9 HOST CLOCK TIMING, 60 MHz 
Table 9-11. Functional Operating Range (Vcc = 5V +5%; Tcasge = 0°C to + 85°C) 


| Parameter | Min 

| tia | HOLKOSCHigh Time | 6. 

| tib | HOLKOSCLowTime | 5.0 

| 2a | HCLKINPeriod | 18.68 

| HCLKINPeriod Stabiity | 
_ACLN High Time 

7 pea 

se Ti ao 

i meek 

ae 

. | 5.0 


Baek 
SS 


— | N 
Ors 


5 tae 
ee ee ee 
Tee | HOLKIN Ree Tine 

Tet | HOLKINFaltine 

Misa | HOLKA-HCLKF Outputto-Ouipal Stow — 
Mise HOLKASHCLKF High Time 

Tze | HOLKACHCLKFLowTime «dts 


NOTE: 
1. Measured on rising edge of adjacent clocks at 1.5V. 
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9.4.10 CPU INTERFACE TIMING, 60 MHz 
Table 9-12. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


|Symbol | Parameter | Min | Max | Figure Notes 


t10a ADS #, HITM#, W/R#, M/IO#, 4.6 
D/C#, HLOCK#, CACHE #, 


BE[7:0] #, SMIACT # Setup Time to 
tila PCHK # Setup Time to HCLKIN Rising 4 


HCLKIN Rising 


ADS #, HITM#, W/R#, M/IO#, 
D/C #, HLOCK#, CACHE #, 

BE[7:0] #, SMIACT # Hold Time from 
HCLKIN Rising 


E 


t12e A[31:0] Output Enable from HCLKIN 
Rising 


tlib PCHK # Hold Time from HCLKIN he 
Rising 
t12a A[18:3] Rising Edge Setup Time to 4.5 Setup to HCLKIN Rising 
HCLKIN Rising when ADS # is Sampled 
Active by PCMC. 
ti2aa A[18:3] Falling Edge Setup Time to Setup to HCLKIN Rising 
HCLKIN Rising when ADS # is Sampled 
Active by PCMC. 
t12ab A[31:19] Rising Edge Setup Time to 4.7 Setup to HCLKIN Rising 
HCLKIN Rising when ADS # is Sampled 
Active by PCMC. 
t12ac A[31:19] Falling Edge Setup Time to 4.1 Setup to HCLKIN Rising 
HCLKIN Rising when ADS # is Sampled 
Active by PCMC. 
t12b A[31:0] Hold Time from HCLKIN Hold from HCLKIN Rising 
Rising Two Clocks after ADS # is 
Sampled Active by PCMC. 
t12c A[31:0] Setup Time to HCLKIN Rising Setup to HCLKIN Rising 
when EADS # is Sampled 
Active by the CPU. 
ti2d A[31:0] Hold Time from HCLKIN 16 Hold from HCLKIN Rising 
Rising when EADS # is Sampled 
Active by the CPU. 


N 
<e) 


t12f A[31:0] Valid Delay from HCLKIN 13 13 0 pF 
Rising 
A[31:0] Float Delay from HCLKIN 
Rising 

t12h A[2:0] Propagation Delay from 1 16 0 pF 
BE[7:0] # 

ti3a BRDY # Rising Edge Valid Delay from 2.1 0 pF 
HCLKIN Rising | 
BRDY # Falling Edge Valid Delay from 0 pF 
HCLKIN Rising 


t14 NA # Valid Delay from HCLKIN Rising 8.4 0 pF 
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Table 9-12. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) (Continued) 


[Symbol Parameter | Min 

AHOLD Valid Delay from 
HCLKIN Rising 

t15b BOFF # Valid Delay from 
HCLKIN Rising 

t16a EADS #, INV, PEN#, Valid 
Delay from HCLKIN Rising 

t16b CPURST Rising Edge Valid 
Delay from HCLKIN Rising 


t16c CPURST Falling Edge Valid 
Delay from HCLKIN Rising 

t16d KEN # Valid Delay from 
HCLKIN Rising 


17 
CPURST High Pulse Width 


Soft Reset via TRC 
Register or CPU 
Shutdown Special Cycle, 0 pF 


Hard Reset via 
TRC Register, 0 pF 
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9.4.11 SECOND LEVEL CACHE STANDARD SRAM TIMING, 60 MHz 
Table 9-13. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


| Symbol | Parameter | Min. 
20a CAA[6:3]/CAB[6:3] 
Propagation Delay from A[6:3] 
CAA[6:3]/CAB[6:3] Valid 
Delay from HCLKIN Rising 
t21a COE[1:0] # Falling Edge Valid 
Delay from HCLKIN Rising 
COE[1:0] # Rising Edge Valid 
Delay from HCLKIN Rising 
2 14 CPU Burst or Single Write to 
Second Level Cache, 0 pF 
CPU Burst or Single Write to 


t22a CWE[7:0] #/CBS[7:0] # 
. Falling Edge Valid Delay from: 
HCLKIN Rising | 
Write to Second Level Cache, 
0 pF 


5 

t22c CWE[7:0] #/CBS[7:0] # Valid 7.7 Cache Line Fill, 0 pF 
Delay from HCLKIN Rising 

t22d CWE[7:0] #/CBS[7:0] # Low 1 HCLK 0 pF 
Pulse Width | 

t22e CWE[7:0] #/CBS[7:0] # =—4 Last Write to Second Level 
Driven High before CALE Cache during Cache Line Fill, 
Driven High 

t22f CAA[4:3]/CAB[4:3] Valid CPU Burst Write to 
before CWE[7:0] #/CBS[7:0] # Second Level Cache, 0 pF 
Falling 
CALE Valid Delay from 
HCLKIN Rising 

t24 CR/W([1:0] # Valid Delay from 
HCLKIN Rising 


CBS[7:0] # Valid Delay from 1.0 12.0 9-2 
HCLKIN Rising, Reads from 
Cache SRAMs 


t22b CWE[7:0] #/CBS[7:0] # Rising 3 1 
Edge Valid Delay from HCLKIN . 
Rising 
1. 
iF 


4 
5 
5 
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9.4.12 SECOND LEVEL CACHE BURST SRAM TIMING, 60 MHz 
Table 9-14. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


Symbol | Parameter =| Min. | Max | Figure | Notes | 
|t30a__| CAAI6:3]/CABI6:3] Propagation DelaytromAl63] | 0 | 85 | 91 | OpF 
130 | CAAI6:3]/CABI6:3] Valid Delay fromHCLKINRising | 0 | 82 | 92 | OpF | 
(131 | CADSI1:0]# Valid Delay fromHCLKINRising | 1.5 | 82 | 9-2 | OpF | 
(132 | CADVI1:0]# Valid DelayfromHCLKINRising | 1.5 | 8.2 | 9:2 | OF 
/ 33. | CWE[7:0] # Valid Delay from HCLKIN Rising / 1.0] 105] 9-2 | OpF | 

pee | Bee | 

| 6.0 | 92 | 

i 


COE[1:0] # Falling Edge Valid Delay from HCLKIN Rising 


COE[1:0] # Rising Edge Valid Delay from HCLKIN Rising | 0 | 
CALE Valid Delay from HCLKIN Rising Pies] 


9.4.13 DRAM INTERFACE TIMING, 60 MHz 
Table 9-15. Functional Operating Range (Vcc = 5V +5%; Tcase = O°C to + 85°C) 


|Symbol | Parameter | Min. | Max | Figure” 
RAS[5:0] # Valid Delay 
from HCLKIN Rising 
t40b RAS[5:0] # Pulse Width 4HCLKs — 5 
High 
t4la CAS[7:0] # Valid Delay 50 pF 
from HCLKIN Rising 


t41b CAS[7:0] # Pulse Width 1 HCLK-5 
High 

t42 WE # Valid Delay from 
HCLKIN Rising 

MA[10:0] Propagation 

Delay from A[23:3] 


MA[10:0] Valid Delay 
from HCLKIN Rising 
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9.4.14 PCIl CLOCK TIMING, 60 MHz 
Table 9-16. Functional Operating Range (Vcc = 5V to +5%; Tcase = O°C to + 85°C) 


[—Symbot [Parameter [wax | Figure 


PCLKIN Low Time es 
PCLKINBeTine (0 egi ) eel emote 8 | 
[ABA So) | PGURIN all mars.) > Soh foe pr opidhcie Oh es RI s o | 


9.4.15 PCI INTERFACE TIMING, 60 MHz 


Table 9-17. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


C/BE[3:0] #, FRAME#, TRDY#, IRDY#, 
STOP#, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Valid Delay from PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY#, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL# Output Enable Delay from 
PCLKIN Rising 


C/BE[3:0] #, FRAME#, TRDY#, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Float Delay from PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY #, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Setup Time to PCLKIN Rising 


C/BE[3:0] #, FRAME #, TRDY #, IRDY#, 
STOP #, PLOCK#, PAR, PERR#, SERR#, 
DEVSEL # Hold Time from PCLKIN Rising 


REQ#, MEMACK # Valid Delay from 
PCLKIN Rising 


REQ#, MEMACK # Output Enable Delay 

from PCLKIN Rising 

REQ#,MEMACK # Float Delay from 9-4 
PCLKIN Rising 

FLSHREQ#, MEMREQ# Setup Time to 

PCLKIN Rising 

FLSHREQ#, MEMREQ# Hold Time from 

PCLKIN Rising 


GNT # Setup Time to PCLKIN Rising 
GNT # Hold Time from PCLKIN Rising 
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9.4.16 LBX INTERFACE TIMING, 60 MHz — 
Table 9-18. Functional Operating Range (Vcc = 5V +5%; Tcase = 0°C to + 85°C) 


ss 
[70 | HiGté] Valid Delay romHCLKINRisng ——~S~*diw | 
[a7 | MiGl20] Vaid Delay rom HGLKINFisng—~S~*dCO 


PCIDRV Valid Delay from PCLKIN Rising 
MDLE Falling Edge Valid Delay from HCLKIN Rising 
t74b MDLE Rising Edge Valid from HCLKIN Rising 
t75a EOL, PPOUT[1:0] Setup Time to PCLKIN Rising 


ie oe, 
175b | EOL,PPOUTI1:0] Hold Time from PCLKINRising | 1 | | 98 | 


9.4.17 TIMING DIAGRAMS 


Input wre 
Propagation Delay 
ec cera ae 


Figure 9-1. Propagation Delay 


Output 


290479-73 


290479-74 


Figure 9-2. Valid Delay from Rising Clock Edge 
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1.5V 


Setup Time | Hold Time 
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Figure 9-3. Setup and Hold Times 


VT 
Float Delay 
+___—_» 
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Figure 9-4. Fioat Delay 


1.5V 


Output Enable Delay 
+______—_———_» 
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Figure 9-5. Output Enable Delay 
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High Time 


Low Time 
Qh 


¢—————_Period _____—__> 
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Figure 9-6. Clock High and Low Times and Period 


—»| |+— Fall Time 


—>; |+ Rise Time 
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Figure 9-7. Clock Rise and Fall Times 


<+——Pulse Width——» 
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Figure 9-8. Pulse Width 


Output 


Output-to-Output Delay 
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Figure 9-9. Output-to-Output Delay 
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10.0 PINOUT AND PACKAGE INFORMATION 


10.1 Pin Assignment 


et eh et th ot ot ot ot QOD OP WA 


Soauenaon-o 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 


BSBRFSSBSISSSBSBSRKAALKRRERRGSILSSS358H 


/WO# a 
Wi# 


ESE ERPUESE POO aREERITN 


CWE7 # /CBS7# C——— re 
CWE6#/CBS64# C———> 
CR 
CR 


CADSO#, 
CADS1# 
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Figure 10-1. PCMC Pin Assignment 
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Table 10-1. Alphabetical Pin Assignment 


er | ve 
eee 


+ 


a 


Signal Pin #|Type 


BEG # 
BE7 # 

BOFF # 

BRDY # 

CAA3 

CAA4 

CAAS 

CAAG 

CAB3 

CAB4 

CABS 

CABG 

CACHE # 
CADSO#, CR/WO# 
CADS1 #, CR/W1 # 
CADVO# 

CADV1 # 

CALE 

CASO # 

CAS1# 137 
CAS2# 133 
CAS3 # 
CAS4 # 
case [90 | ow 
CAS6# 134 
caste [a [ow 


es) 
mM 
aN 
+ 
on oO 


N/@OloOININ 
era iakniaolia 


sail 

oO @o;©o Orin 

nd CoO;k LhisN 

= , a ; as , 
oo | we | oe | ps 


—_ 
Go 
or 


dak 
Ga 
et 


3 
io) 
Le») 


cor —~ ar | out | 
core | 88 | out | 
cpunst | 25 [out | 


mice | 162 | oat 
ice | 160 | out 
awe | es | in 
MuooKe | 71 | in 
int | 26 | oat 
inv | 20 | out 
Kens | 20 | oat 
Mice | 61 | in 
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Table 10-1. Alphabetical Pin Assignment (Continued) 


he Bs 
MAO 4122 
MA1 121 
MA10 110 
MA2 119 
A 118 
A ati 
A 116 
A 114 
113 


re es 
ee ce 
rwemcse | 164 [in 


MEMREQ # 165 
MIGO 179 
MIG1 178 
MIG2 fa 
NA# 


Type 


= 
yep) 


a ee a 
Om} 1% 


out 
out 


out 


out 


[nef 0s ne 
[No | 106 [NC 
[ponke [72 | in 
Preven se | 


PCLKOUT _ 174 
PEN # 
PERR # 
PIGO 
PIG1 
PIG2 


| 165 
179 
| 178 
175 
LAO NEN 


es 
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Pin # 
187 
45 
46 
48 


Type 
out 


PIG3 
PLLAGND 
PLLARC1 
PLLARC2 
PLLAVDD 
PLLAVSS 
PLLBGND 
PLLBRC1 
PLLBRC2 
PLLBVDD 


PLLBVSS 
PLOCK # s/t/s 
Perouro | 16a | in 
reroutt | 160 | in 
rewnox | 62 | in 
Fansoe [a7 | out 
Paste [as [on 
RAS2# a ae 
RAS3 # 
RAS4 # 
RAS5# 
REQ# 
SERR# 


SMIACT # 
STOP # 
TESTEN 
TRDY # 


2 


< 
3 


= 


3 


DD 


< 
0 
oO 
asks 
oO 
G 


< 
O 
O 
=" 
N 
io) 


HEE 
ioe) 
i<o] 
k 


Vss 


< 
) 
” 


< 
2) 
12) 

~S 


< 
(ep) 
~” 
on aS — 


< 
” 
i) 


” 
” 


< 
) 
” 
< 


Vss. 104 
Vss 107 
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Table 10-2. Numerical Pin Te 


PLLAGND 


“we 


PLLARC1 


oO 


= 


CADS1 #, CR/W1# 


94 


| 91 |CWE6#/CBS6# os 
a 
CADSO#, CR/WO# 


PLLAVSS 


AHOLD 
EADS # 


a SS eS 


oe 
INIT 
aa 
BOFF # 
A# 
BRDY # 
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Table 10-2. Nemnerival Pin Assignment it 


Nc 
eT OR SE 
Tit [ mas | out 
Tie | was | out 
Pe [war [on 


114 
115 
116 
ss 


| mas | 0 
iss “8 
MAS 
Mas 
pee 
ae 
1 eR 
pmai_ | o 


1 


2 | wo 
ae nee ee 
[1a7_| paso# | out 
as [nase ou 


[135 | caso# [out 
T1e7_[ caste [out 
[168 [cass | out 
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147 


—h | eh 
i ff 
i<e) 

rata 
0 |n 
E 


ret feo | in 
Tice | rusincae | in 
Ties [ante | in 
Pea | wemose [in 
Ties | Memneae | in 


< 


Tet [ ics | out 
Tee [nice | out 
Ties [Hat | ot 
Tee | wiGo | out 
165 [Moe [out 
186 | onvect | out 


ccs se 
Tee [pict | out 
T1e3 [pico | out 
Tee [REae | aut 
0s [ WENA [on 
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10.2 Package Characteristics 
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Figure 10-2. 208 Pin Quad Flat Pack (QFP) Dimensions 
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11.0 TESTABILITY 


A NAND tree is provided in the PCMC for Automated 
Test Equipment (ATE) board level testing. The 
NAND tree allows the tester to test the connectivity 
of a subset of the PCMC signal pins. The output of 
the NAND tree is driven on pin 109. The NAND tree 
is enabled when A25 = 0, A26 = 1, and TESTEN 
= 1 at the rising edge of PWROK. PLL Bypass 
mode is enabled when A25 = 1, A26 = 1 and 
TESTEN = 1 at the.rising edge of PWROK. In PLL 


af 


eS 

intel. 
Bypass mode, the PCMC A.C. specifications are af- 
fected in the following ways. Output valid delays in- 
crease by 20 ns. All hold times are 20 ns. Setup 
times and propagation delays are unaffected. Input 
clock high and low times are 100 ns. In both NAND 


tree test mode and PLL Bypass mode, TESTEN 
must remain asserted throughout testing. 


Table 11-1 shows the order of the NAND tree inside 
the PCMC. 


Table 11-1. NAND Tree 


Pin # 


IRDY # 


CBE3 # 
CBE2# 


CBEO # 


159 | PPOUTO 


, 
, 
, 
: 
1 
, 
PPOUT1 
, 
1 
, 
1 
1 
, 
, 
, 


TRDY # 


ae) 
™N 


N 
i<e) 


wo 


io) 
ie) 


FLSHBUF # 


rsenae 


wo 
aS 


oe) 
N 


1 
1 
1 
1 


anh, ah 
qa = 


Go 
<e) 


i + 
oO 


6 
8 


£ 
NO 


=k 
N 
sl 


172 | SERR# 


Additional Testing Notes: 
1. HCLKOUT[6:1] can be toggled via HCLKIN. 
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. PCIRST is the NAND Tree output of Tree Cell 6. 
. INIT is the NAND Tree output of Tree Cell 53. 
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. CAx[6:3] are flow through outputs via A[6:3] after PWROK transitions high. 

. MA[10:0] are flow through outputs via A[13:3] after PWROK transitions high. 
. CAS[7:0] # outputs can be tested by performing a DRAM read cycle. 
PCLKOUT can be tested in PLL bypass mode, frequency is HCLK/2. 
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REVISION HISTORY 


The following list represents the key differences between version 001 and version 002 of the 82434LX PCI, 
Cache and Memory Controller (PCMC) Data Sheet. 


Section 2.1 


Section 2.3 


Section 3.1 


Section 3.2 

Section 3.2.3 
Section 3.2.4 
Section 3.2.5 


Section 3.2.6 
Section 3.2.8 


Sections 3.2.7 
through 3.2.9 


Section 3.2.10 
Section 3.2.12 
Section 3.2.11 
Section 3.2.13 
Section 3.2.14 


Section 3.2.16 
Section 3.2.17 
Section 3.2.18 
Section 3.2.20 


Section 3.2.21 


Section 3.2.22 
Section 3.2.23 
Section 3.2.24 


Section 3.2.25 


Note added that the SMIACT # signal is qualified with values stored in the SMRAM Space 
Register. 


CR/W([1:0] # and CBS[7:0] # are multiplexed onto the CADS[1:0] # and CWE[7:0] # lines 
respectively. The new signals enable support of 64K x 16/18 asynchronous cache SRAMs 
with dual byte select lines. 


Changes made to reflect the Function Number field in the CSE Register. The BIST Enable 
bit in the TRC Register is now reserved. 


Section rewritten to describe Type 0 and Type 1 Configuration Cycles. 
Notes added to bits 6 and 8 in the PCI Command Register Description. 
The description of the DEVSEL # Timing bit in the PC! Status Register has been extended. 


In the PCI Status Register, bit 15 is changed to a reserved bit and bit 8 is the Data Parity 
Detected bit. 


The revision ID is now O3h. 


The Special Cycle Address Register has been removed from the PCMC, hence this section 
has been removed and replaced with the SCCD Register description. 


These sections have been added to indicate the RPLI, SCCD and BCCD registers. 


The MLT Register has been truncated to a 4 bit register. 

The Host Operating Frequency field has been shortened from two bits to one bit. 
All bits of this register are Read Only. 

Bits 5 through 0 of the Deturbo Frequency Control Register are now reserved. 


Two new bits are defined in the Secondary Cache Control Register. Bit 4 controls 
Secondary Cache Allocation and bit 3 determines the Cache Byte Control. The description 
for bits 7 and 6 has been modified. Bit descriptions for bits 4 and 3 have been added. A 
Clarification has been added to the bit 0 description. When bit 0 is reset to 0, the 

CWE[7:0] # lines will remain inactive, however COE[1:0] # may toggle. 

Bit 2 description has been extended. If the PCl TRDY # signal is connected to the LBXs 
TRDY # pin, this bit must be set before the CPU writes to PCI. 

Bits 7 and 6 of the DRAM Control Register have been changed to reserved bits. X-3-3-3 
burst timing is no longer supported. SMRAM Enable bit description has been extended. 
This section covers the new DRAM Timing Register which provides additional control over 
the leadoff cycle on reads from DRAM. . 


Several bits in the DRB Registers are now reserved. 


Note added to indicate that bit 6 and 8 of the PCI Command Register are the master 
enables for bits 7, 6, 5, 4, and 1 of the Error Command Register. Bit 6 of the PC] Command 
Register is the master enable for bit 3 of the Error Command Register. 


Bits 5 and 4 of the Error Status Register are now reserved. 
SMRAM Space Register has been added. 


Notes added to indicate that the Memory Space Gap starting address must be a multiple of 
the Memory Space Gap size. 


Bit 10 of the Frame Buffer Range Register is now reseved. The Read-around-Write feature 
is no longer supported. The Buffer Offset field description has been extended. 
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Section 4.2 Modified to include the features of the SMRAM Space Register. 


Section 5.1 Additions made to describe the new Secondary Cache Allocation register bit and the new 
dual-byte-select SRAM support. Figure 5-5 shows the PCMC connections to dual-byte- 
select SRAMs. 


Section 5.3.1 Description added for CPU read cycles when the SCA bit in the Secondary Cache Control 
Register is set and CACHE # is inactive. A new figure has been added to depict a CPU read 
cycle with dual-byte-select SRAMs. 


Section 5.3.2 Anew figure has been added to depict a CPU write cycle with dual-byte-select SRAMs. 

Section 5.3.3 A new figure has been added to depict a cache line fill with dual-byte-select SRAMs. 

Section 5.4.1 Description added for CPU read cycles when the SCA bit in the Secondary Cache Control 
Register is set and CACHE # is inactive. 

Section6.0 _— All references to X-3-3-3 burst timing have been removed throughout the DRAM interface 
section. 

Section 6.4 Paragraph modified for clarification. 

Section 6.6 Description added on when CAS #-before-RAS # refresh can be used. 

Section 7.3.1. The figure which depicts a write cycle to a PCMC internal configuration register has been 
modified. 

Section 7.3.2 The figure which depicts a read cycle from a PCMC internal configuration register has been 
modified. 

Section 7.4.1. The figure which depicts a PC] master write to main memory has been modified. 

Section 8.3 Modifications made to the Phase Locked Loop circuitry. 

Section 8.4 The strapping options on A[31:29] have been changed. The values sampled on these lines 
are inverted and then stored in the Secondary Cache Control Register. References to the 


BIST Enable bit and the invoking of BIST in the CPU have been removed. Table 8-2 now 
indicates that INIT is always driven low during hard reset. 


Section 9.4 The A.C. Specifications have been separated for 60 and 66 MHz operation. Several changes 
have been made to the A.C. Specifications. The 66 MHz A.C. Specifications have a different 
Functional Operating Range than the 60 MHz A.C. Specifications. For 66 MHz operation, — 
Voc ranges between 4.9 and 5.25 Volts and the maximum case temperature is 70°C. 


Section 11.0 This section has been added to document the testability features of the PCMC. This section 
includes the details of PLL Bypass mode and the NAND Tree inside the PCMC. The effect of 
PLL Bypass mode on A.C. Specifications is detailed. 
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Intel’s 82420 PClset enables workstation level of performance for Intel486™ CPU desktop systems. The 
Peripheral Component Interconnect Bus (PCI) is driving a new architecture for PC’s—eliminating the |/O 
bottleneck of standard expansion busses. PCI provides a glueless interface for high performance peripherals 
such as graphics, SCSI, LAN and video to be placed onto a fast local bus. By utilizing this technology and 
incorporating read/write bursts along with write buffers into the 82420 PClset, a new level of performance is 
now possible for today’s Intel486 CPU desktop systems. 


The Intel 82420 PCiset is comprised of three components: the 82424 Cache DRAM Controller (CDC), the 
82423 Data Path Unit (DPU), and the 82378 System I/O (SIO). The CDC and DPU provide the core system 
architecture while the SIO is a PCI master/slave agent which bridges the core architecture to the ISA standard 
expansion bus. Intel also offers two components, the 82374EB (ESC) and 82375EB (PCEB), that work in 
conjunction to bridge the PCI bus to the EISA expansion bus. Refer to the ESC and PCEB data sheets for 
information regarding the EISA bridge components. | 


The chip set supports the Intel486 CPU family as well as the write-back caching capability of Intel’s future 
OverDrive™ processor for the Intel486 DX2 CPU. The high performance memory subsystem supports concur- 


rent operation between PCI bus masters while the CPU accesses memory. An integrated second level cache 
can be programmed for write-through or write-back operation. 


82420 PCiset 


i486™ DX2 aT Cache SRAM 
i486™ DX/SX \64KB “= 12KB 


CPU/HOST Bus 


GRAPHICS/ LAN 
VIDEO 
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Product Highlights 


82378—System I/O Component (SIO) 


82424—Cache DRAM Controller (CDC) = Supports Fast DMA Type A, B, or F 


@ Concurrent Linefill during Copyback Cycles 
i = Supports DMA Scatter/Gather 
- rast hi be on parity. ene mg Arbitration Logic for Four PCi Masters 
m Supports Future OverDrive Upgrade m Reusable across Multiple Platforms 
Processor in Write-Back Cache Mode m Directly Drives Six External ISA Slots 
m 64K-512K Level 2 Cache Support m@ Integrates Many of Today’s Common 


1/O Functions 
208-Pin QFP Package 


m Level 2 Cache Configurable as Write- 
Back or Write-Through 


m 208-Pin QFP Package 


82423—Data Path Unit (DPU) 

@ Highly Integrated 

m@ Four Dword Write Buffers 

m@ Zero Wait States for CPU Write Cycles 
& 

ae 


PCI Burst Write Capability 
160-Pin QFP Package 


Product Description 


The 82424 Cache DRAM Controller (CDC) is a single-chip bridge from the CPU to the PCI bus. It provides the 
integrated functionality of a second level cache controller, a DRAM controller, and a PCI bus controller. It also 
features an optimized memory subsystem. The CDC is a dual ported device with one port as the host port and 
the other as the PCI port. 


The 82423 Data Path Unit (DPU) integrates the host data, memory data, and PCI data interface, DPU control/ 
parity and four deep posted write buffers. With glue and buffers integrated directly into the DPU, the Intel 
82420 PClset reduces board space requirements. The DPU’s posted write buffers allow CPU write cycles to be 
executed as 0 wait states. 


The 82378 System I/O (SIO) is a dual ported device which acts as a bridge between the PCI and standard ISA 


|/O bus. The SIO integrates the functionality of an ISA controller, PCI controller, fast 32-bit DMA controller, 
and standard system |/O functions. 
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82423 
DATA PATH UNIT (DPU) 
@ A 32-bit High Performance Host/PCI/ = Byte Parity Support for the Host and 
Memory Data Path Memory Buses 


— Optional Parity Generation for Host- 


m@ Operates Synchronous to the CPU and 
PCI Clocks to-Memory Transfers 
| — Optional Parity Checking for the 
@ Dual-Port Architecture Allows Secondary Cache Residing on the 
Concurrent Operations on the Host and Host Data Bus 
PCI Buses — Parity Checking for Host and PCI 
= Burst Read of Memory from the Host Memory Reads 
and PCI Buses — Parity Generation for PCI-to-Memory 
@ Host-to-Memory and Host-to-PCi Post mes 
Buffers Permit Zero Wait State Write m Force Bad Parity to Memory Capability 
Performance for Diagnostic Purposes 


The 82423 Data Path Unit (DPU) provides the 32-bit data path connections between the Host (CPU/cache), 
main memory, and the Peripheral Component Interconnect (PCI) Bus. The dual-port architecture allows con- 
current operations on the Host and PC] Buses. Two 4-Dword deep Post buffers permit Host posting of data to 
main memory and the PCI Bus. The DPU supports byte parity for the Host and main memory buses. The DPU 
is intended to be used with the 82424 Cache DRAM Controller (CDC). During bus operations between the 
Host, main memory, and PCI, the CDC provides the address paths and bus controls. The CDC also controls 
the data flow through the DPU. Together, these two chips provide a full function dual-port data path connec- 
tion to main memory and forms a Host/PCl bridge. 


HD[3 1:00] heat: “eae AD[3 1:00] 


DPU PCI 
Host HDPO IRDY # hscditiedad 
Interface HOP 1 TRDY# 
HDP2 DEVSL# 
HDP3 
PM/H# 
M0[3 1:00] ae PSTB# 
=“ MDPO 8 
Memory MH /P# 
MDP 1 
Interface MDP2 MSTB# 
MR/W# CDC 
MDP3 wx HM/P# Interface 
ene { RCLK HSTB# 
Clock RST# HW/R# 
FPE DPUPE# 
PMODE PCIDP 
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IMPORTANT—READ THIS SECTION BEFORE READING THE REST OF THE DATA SHEET. 


This data sheet describes the 82423TX and 82423ZX components. All normal text describes the function- 


ality for both components. All features that exist on the 82423ZX are shaded as shown below. 
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82424 


CACHE AND DRAM CONTROLLER (CDC) 


Supports 25/33/50 MHz Intel486™ SX, 
Intel487™ SX, Intel486 DX, Intel486 
DX2, OverDrive™ for Intel486 and 
OverDrive for DX2 Processors 


Fully Synchronous, 25/33 MHz PCI Bus 
Capable of Supporting Bus Masters 


Supports OverDrive Upgrade Socket, 
Including OverDrive for DX2 in Write- 
Back Mode 


Programmable Attribute Map for First 1 
MByte of Main Memory 


Posted Write Buffers for Improved 
Performance 


integrated DRAM Controller 

— 2 to 160 MByte Main Memory using 
70 ns Fast Page Mode SIMM Memory 

— Decoupled Refresh Cycles to 
Reduce DRAM Access Latency 

— Burst Mode PCI Accesses to DRAM 


integrated Cache Controller 

— Write-Through and Write-Back Cache 
Options 

— 64 KB, 128 KB, 256 KB and 512 KB 
Cache Sizes using Standards SRAMs 

— Burst Line Fill of 2-1-1-1 from 

at 25 and 33 MHz 


— Zero Wait State Write to L2 Cache 
for a Cacche Write Hit 

— Main Memory Posting at Zero Wait 
States, Enabling Optimum Write- 
Through Cache Performance 

— Concurrent Cache Line Replacement 
from Secondary Cache in Write-Back 
Mode 


PCI Bridge 

— Translates CPU Cycles into PCI Bus 
Cycles 

— Translates Back-to-Back Sequential 
Memory Write Cycles into PCI Burst 


Supported at the Rate of x-3-3-3-3-3 Cycles 


— Separate PCl-to-Main Memory Port 
Allows Concurrent/Independent CPU 
and PCI Bus Operations 

— Integrated Snoop Filter 


The 82424 Cache DRAM Controller (CDC) integrates the cache and main memory DRAM control functions 
and provides the address paths and bus control for transfers between the Host (CPU/cache), main memory, 
and the Peripheral Component Interconnect (PCI) Bus. The Dual-ported architecture permits concurrent oper- 
ations on the Host and PCI Buses. The cache controller supports both write-through and write-back cache 
policies and cache sizes from 64 to 512 KBytes. The cache memory can be implemented using standard 
asynchronous SRAMs. The dual-ported main memory DRAM controller interfaces DRAM to the Host Bus and 
the PCI Bus. The CDC supports a two-way interleaved DRAM organization for optimum performance. Up to 
eight single sides SIMMs or four dual sided SIMMs provide a maximum of 160 MBytes of main memory. The 
CDC is intended to be used with the 82423 Data Path Unit (DPU). The DPU provides 32-bit data paths 
between the Host, main memory, and the PCI. Together, these two components provide a full function dual- 
port data path connection to main memory and form a Host/PCl Bridge. 


This data sheet describes the 82424TX, 82424ZX and 82424ZX-50 components. All normal text describes the 
functionality for all three components. All features that exist on the 82424ZX and 82424ZX-50 are shaded as 
shown below. 


All features that exist only on the 82424ZX-50 are shaded as shown below. 
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82378 
SYSTEM I/O (SIO) 
- @ Provides the Bridge between the PCI m Integrated 16-Bit BIOS Timer 
Bus and ISA Bus m Utility Bus (X-Bus) Peripheral Support 
m 100% PCI and ISA Compatible — Provides Chip Select Decode 
— PCI and ISA Master/Slave Interface — Controls Lower X-Bus Data Byte 
— Directly Drives 10 PCI Loads and 6 Transceiver 
ISA Slots — Integrates Port 92, Mouse Interrupt, 
— Supports PCI at 25 MHz to 33.33 MHz Coprocessor Error Reporting 
— Supports ISA from 6 MHz to g Integrates the Functionality of One 
8.33 MHz 82C54 Timer 
m Enhanced DMA Functions — System Timer 
— Scatter/Gather — Refresh Request 
— Fast DMA Type A, B, and F — Speaker Tone Output 
— Compatible ee m Integrates the Functionality of Two 
vs saci pactnboad: ; oo " ” 82C59 Interrupt Controllers 
<< are sited! et shat pole abacaamiaa — 14 Interrupts Supported 
— Functionality of Two 82C37A DMA m Non-Maskable Interrupts (NMI) 
Controllers — PCI System Errors 


— ISA Parity Errors 
208-Pin QFP Package 
5V CMOS Technology 


m Integrated Data Buffers to Improve 
Performance 
— 8-Byte DMA/ISA Master Line Buffer 
— 32-Bit Posted Memory Write Buffer 
to ISA 


for PCi Devices 
Four External PCI Masters 
are Supported 
— Fixed, Rotating, or a Combination of 
the Two 


@ Arbitration for ISA Devices 
— ISA Masters 
— DMA and Refresh 


The 82378 System I/O (SIO) component provides the bridge between the PCI local bus and the ISA expansion 
bus. The SIO also integrates many of the common !/O functions found in today’s ISA based PC systems. The 
SIO incorporates the logic for a PCI interface (master and slave), ISA interface (master and slave), enhanced 
seven channel DMA controller that supports fast DMA transfers and Scatter/Gather, data buffers to isolate the 
PCI bus from the ISA bus and to enhance performance, PCI and ISA arbitration, 14 level interrupt controller, a 
16-bit BIOS timer, three programmable timer/counters, and non-maskable-interrupt (NMI) control logic. The 
SIO also provides decode for peripheral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse 
Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 


This data sheet describes the 82378IB and 82338ZB components. All normal text describes the functionality 
for both components. All features that exist on the 82378ZB are shaded as shown below. 
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82374EB 
EISA SYSTEM CONTROLLER (ESC) 


Integrates EISA Compatible Bus 

Controller 

— Translates Cycles between EISA and 
ISA Bus 

— Supports EISA Burst and Standard 
Cycles 

— Supports ISA No Wait State Cycles 

— Supports Byte Assembly/ 
Disassembly for 8-Bit, 16-Bit and 
32-Bit Transfers 

— Supports Bus Frequency up to 
8.33 MHz 


Supports Eight EISA Slots 

— Directly Drives Address, Data and 
Control Signals for Eight Slots 

— Decodes Address for Eight Slot 
Specific AENs 


Provides Enhanced DMA Controller 

— Provides Scatter-Gather Function 

— Supports Type A, Type B, Type C 
(Burst), and Compatible DMA 
Transfers 

— Provides Seven Independently 
Programmable Channels 

— Integrates Two 82C37A Compatible 
DMA Controllers 


Provides High Performance Arbitration 

— Supports Eight EISA Masters and 
PCEB 

— Supports ISA Masters, DMA 
Channels, and Refresh 

— Provides Programmable Arbitration 
Scheme for Fixed, Rotating, or 
Combination Priority 


= Integrates Support Logic for X-Bus 


Peripherals and More 

— Generates Chip Selects/Encoded 
Chip Selects for Floppy and 
Keyboard Controller, IDE, 
Parallel/Serial Ports, and General 
Purpose Peripherals 

— Provides Interface for Real Time 
Clock 

— Generates Control Signals for X-Bus 
Data Transceiver 

— Integrates Port 92, Mouse Interrupt, 
and Coprocessor Error Reporting 


Integrates the Functionality of Two 

82C59 Interrupt Controllers and Two 

82C54 Timers 

— Provides 14 Programmable Channels 
for Edge or Level Interrupts 

— Provides 4 PCI Interrupts Routable 
to Any of 11 Interrupt Channels 

— Supports Timer Function for Refresh 
Request, System Timer, Speaker 
Tone, Fail Safe Timer, and Periodic 
CPU Speed Control 


Generates Non-Maskable Interrupts 
(NMI) 

— PCI System Errors 

— PCI Parity Errors 

— EISA Bus Parity Errors 

— Fail Safe Timer 

— Bus Timeout 

— Via Software Control 


Provides BIOS Interface 

— Supports 512 KBytes of Flash or 
EPROM BIOS on the X-Bus 

— Allows BIOS on PCI 

— Supports Integrated VGA BIOS 


@ 208-Pin QFP Package 
m 5V CMOS Technology 


The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC, 
with the PCEB, provides all the functions to implement an EISA to PCI bridge and EISA I/O subsystem. The 
ESC integrates the common I/O functions found in today’s EISA based PC systems. The ESC incorporates the 
logic for an EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller 
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun- 
ters, and non-maskable interrupt (NMI) control logic. The ESC also integrates support logic to decode periph- 
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two 
Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 
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82375EB 
PCI/EISA BRIDGE (PCEB) 


Provides the Bridge between the PCI @ 32-Bit Data Paths 
Bus and EISA Bus m Integrated EISA Data Swap Buffers 
100% PCI and EISA Compatible itration for PCI Devices 
— PCI and EISA Master/Slave Interface - ines ti PCI Masters 
— Directly Drives 10 PCI Loads and 8 — Fixed, Rotating, or a Combination of 
EISA Slots the Two 
— Supports PCI at 25 MHz to 33 MHz 
m@ PCI and EISA Address Decoding and 
Data Buffers Improve Performance Mapping 
— Four 32-Bit PCi-to-EISA Posted Write — Positive Decode of Main Memory 
Buffers EMCS# Generation 
— Four 16-Byte EISA-to-PCI Read/Write Si sheay hie ih PCI Bercty 
EigA-to-PCl Fiead Prefetch ae eee 
— -to- ns I 
— EISA-to-PCI and PCI-to-EISA Write eal Seen eee 
Posting 
P . Ad 
Data Buffer Management Ensures Data . ieee ee eee 
Coherency — Mai i 
— Flush Posted Write Buffers ais eee Paps sit 
— Flush or Invalidate Line Buffers — Access Attributes for 15 Memory 
— instruct All PCl Devices to Flush Segments in First 1 MByte of Main 
Buffers Pointing to PCI Bus before Memory 
Granting EISA Access to PCI — Programmable Main Memory Hole 
Burst Transfers on both the PCI and g Integrated 16-Bit BIOS Timer 
EISA Buses 
m@ 208-Pin QFP Package 
m 5V CMOS Technology 


The 82375EB PCI-EISA Bridge (PCEB) provides the master/slave functions on both the Peripheral Compo- 
nent Interconnect (PCI) Local Bus and the EISA Bus. Functioning as a bridge between the PCI and EISA 
buses, the PCEB provides the address and data paths, bus controls, and bus protocol translation for PCI-to- 
EISA and EISA-to-PClI transfers. Extensive data buffering in both directions increases system performance by 
maximizing PCI and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB’s buffer 
management mechanism ensures data coherency. The PCEB integrates central bus control functions includ- 
ing a programmable bus arbiter for the PCI Bus and EISA data swap logic for the EISA Bus. Integrated system 
functions include PCI parity generation, system error reporting, and programmable PCI and EISA memory and 
1/O address space mapping and decoding. The PCEB also contains a BIOS Timer that can be used to 
implement timing loops. The PCEB is intended to be used with the EISA System Component (ESC) to provide 
an EISA |/O subsystem interface. 
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82423 
DATA PATH UNIT (DPU) 
@ A 32-Bit High Performance Host/PCi/ @ Byte Parity Support for the Host and 
Memory Data Path . Memory Buses 
m Operates Synchronous to the CPU and — Optional Parity Generation for Host- 
PCI Clocks to-Memory Transfers 
— Optional Parity Checking for the 
@ Dual-Port Architecture Allows Secondary Cache Residing on the 
Concurrent Operations on the Host and Host Data Bus 
PCI Buses — Parity Checking for Host and PCI 
= Burst Read of Memory from the Host Memory Reads 
and PCI Buses — Parity Generation for PCi-to-Memory 
m@ Host-to-Memory and Host-to-PCI Post wines 
Buffers Permit Zero Wait State Write m Force Bad Parity to Memory Capability 
Performance for Diagnostic Purposes 


The 82423 Data Path Unit (DPU) provides the 32-bit data path connections between the Host (CPU/cache), 
main memory, and the Peripheral Component Interconnect (PCI) Bus. The dual-port architecture allows con- 
current operations on the Host and PCI Buses. Two 4-Dword deep Post buffers permit Host posting of data to 
main memory and the PCI Bus. The DPU supports byte parity for the Host and main memory buses. The DPU 
is intended to be used with the 82424 Cache DRAM Controller (CDC). During bus operations between the 
Host, main memory, and PCI, the CDC provides the address paths and bus controls. The CDC also controls 
the data flow through the DPU. Together, these two chips provide a full function dual-port data path connec- 
tion to main memory and form a Host/PCl bridge. 
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This data sheet describes the 82423TX and 82423ZX components. All normal text describes the function- 
ality for both components: All features that exist on the 82423ZX are shaded as shown below. 
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82424 
CACHE AND DRAM CONTROLLER (CDC) 
m@ Supports 25 MHz/33 MHz/50 MHz m Integrated Cache Controller 
Intel486™ SX, Intel487™ SX, — Write-Through and Write-Back Cache 
intel486 DX, Intel486 DX2, Options 
OverDrive™ for Intel486 and — 64 KB, 128 KB, 256 KB and 512 KB 
OverDrive for DX2 Processors Cache Sizes using Standard SRAMs 
Full — Burst Line Fill of 2-1-1-1 from 
% ote ahah ote x laird gL ‘ea Secondary Cache at 25 MHz and 
Mastera 33 MHz and 3-1-1-1 at 50 MHz 
— Zero Wait State Write to L2 Cache 
m@ Supports OverDrive Upgrade Socket, for a Cache Write Hit 
Including OverDrive for DX2 in Write- — Main Memory Posting at Zero Wait 
Back Mode States, Enabling Optimum Write- 
m Programmable Attribute Map for First Through Cache Performance 
1-Mbyte of Main Memory — Concurrent Cache Line Replacement 
; from Secondary Cache in Write-Back 
m Posted Write Buffers for Improved Mode 
Performance = PCI Bridge 
m Integrated DRAM Controller — Translates CPU Cycles into PCI Bus 
— 2-Mbyte to 160-Mbyte Main Memory Cycles 


using 70 ns Fast Page Mode SIMM 
Memory 

— Decoupled Refresh Cycles to 
Reduce DRAM Access Latency 

— Burst Mode PCI Accesses to DRAM 
Supported at the Rate of x-3-3-3-3-3 


— Translates Back-to-Back Sequential 
Memory Write Cycles Into PCI Burst 
Cycles 

— Separate PCli-to-Main Memory Port 
Allows Concurrent/iIndependent CPU 
and PCI Bus Operations 

— Integrated Snoop Filter 


The 82424 Cache DRAM Controller (CDC) integrates the cache and main memory DRAM control functions 
and provides the address paths and bus control for transfers between the Host (CPU/cache), main memory, 
and the Peripheral Component Interconnect (PCI) Bus. The Dual-ported architecture permits concurrent oper- 
ations on the Host and PCI Buses. The cache controller supports both write-through and write-back cache 
policies and cache sizes from 64 Kbytes to 512 Kbytes. The cache memory can be implemented using 
standard asynchronous SRAMs. The dual-ported main memory DRAM controller interfaces DRAM to the Host 
Bus and the PCI Bus. The CDC supports a two-way interleaved DRAM organization for optimum performance. 
Up to eight single sided SIMMs or four dual sided SIMMs provide a maximum of 160 Mbytes of main memory. 
The CDC is intended to be used with the 82423 Data Path Unit (DPU). The DPU provides 32-bit data paths 
between the Host, main memory, and the PCI. Together, these two components provide a full function dual- 
port data path connection to main memory and form a Host/PCl Bridge. 


This data sheet describes the 82424TX, 82424ZX and 82424ZX-50 components. All normal text describes the functionality for 
all three components. All features that exist on the 82424ZX and 82424ZX-50 are shaded as shown below. 


All features that exist only on the 82424ZX-50 are shaded as shown below. 
This is an example of what the shaded sections that apply only to the 82424ZX-50 component look like. 
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Simplified CDC Block Diagram 
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82420/82430 PCiset BRIDGE COMPONENT 


82378 FOR ISA BUSES = Data Buffers Improve Performance 
m Provides the Bridge between the PCI = Data Buffer Management Ensures Data 
Bus and ISA Bus Coherency 
m 100% PCI and ISA Compatible = Burst Transfers on both the PCI and 
EISA Buses 


m@ Enhanced DMA Functions 


m Integrated Data Buffers to Improve = 32-Bit Data Paths 
Performance m PCI and EISA Address Decoding and 
Integrated 16-bit BIOS Timer Mapping 
Arbitration for PCI Devices m@ Programmable Main Memory Address 
Arbitration for ISA Devi Siti Hie 

papier ass ee m Integrated EISA Compatible Bus 

Integrates the Functionality of One Controller 
82C54 Timer 


Supports Eight EISA Slots 
Provides Enhanced DMA Controller 
Provides High Performance Arbitration 


integrates Support Logic for X-Bus 


82374EB (ESC) C t/82375EB Peripheral and more 
arene m Integrates the Functionality of Two 


omg sandals 82C59 Interrupt Controllers and Two 
m Provides the Bridge between the PCI 82054 Timers 


Bus and EISA Bus 
m= 100% PCI and EISA Compatible 


m Integrates the Functionality of Two 
82C59 Interrupt Controllers 


m@ Non-Maskable Interrupts (NMI) 


m Generates Non-Maskable Interrupts 
m@ Provides BIOS Interface 


The 82420/82430 PClset Bridge components provide a bridge between the PCI to either EISA or ISA buses. 
The 82378 provides the bridge between PCI bus and the ISA bus while the 82374EB and 82375EB together 
provide the bridge between the PCI bus and the EISA bus. 


The SIO integrates many of the common I/O functions found in todays ISA based PC systems. The SIO 
incorporates the logic for a PCI interface master and slave), ISA interface (master and slave), enhanced seven 
channel DMA controller and support for other decode logic. 


The 82374EB EISA System Component (ESC) and 82375EB PCI-EISA Bridge (PCEB) together provide the 
EISA system compatible master/slave functions on both the PCI Local Bus and the EISA Bus and the com- 
mon I/O functions found in today’s EISA systems. The ESC incorporates the logic for an EISA (master and 
slave) interface, EISA bus controller, enhanced seven channel DMA controller with Scatter-Gather support, 
EISA arbitration, 14 channel interrupt controller, five programmable timer/counters and non-maskable control 
logic. The ESC also integrates support logic to decode peripheral devices such as the Flash BIOS, Real Time 
Clock, Keyboard/Mouse Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk 
Drive. The PCEB provides the address and data paths, bus controls, and bus protocol translation for PCl-to- 
EISA and EISA-to-PCl transfers. Extensive data buffering in both directions increases system performance by 
maximizing PCI and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB integrates 
central bus control functions, PCI parity generation, system error reporting, and programmable PCI and EISA 
memory and |/O address space mapping and decoding. 
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82378 
SYSTEM I/O (SIO) 
m Provides the Bridge between the PCI @ Arbitration for ISA Devices 
Bus and ISA Bus — ISA Masters 
= 100% PCI and ISA Compatible — DMA and Refresh 
— PCI and ISA Master/Slave Interface m Utility Bus (X-Bus) Peripheral Support 
— Directly Drives 10 PCI Loads and 6 — Provides Chip Select Decode 
ISA Slots — Controls Lower X-Bus Data Byte 
— Supports PCI at 25 MHz and Transceiver 
33.33 MHz — Integrates Port 92, Mouse Interrupt, 
— Supports ISA from 6 MHz to Coprocessor Error Reporting 
6.33 Miz _ Integrates the Functionality of One 
m Enhanced DMA Functions 82C54 Timer 
— Scatter/Gather — System Timer 
— Fast DMA Type A, B, and F — Refresh Request 
— Compatible DMA Transfers — Speaker Tone Output 


— 32-Bit Addressability 


— Seven Independently Programmable m Integrates the Functionality of Two 


82C59 Interrupt Controllers 


Channels rs 
— Functionality of Two 82C37A DMA 1A tellers Sur eeren 
Controllers m Non-Maskable Interrupts (NMI) 


— PCi System Errors 
— ISA Parity Errors 


208-Pin QFP Package 
5V CMOS Technology 


@ Integrated Data Buffers to Improve 
Performance 
— 8-Byte DMA/ISA Master Line Buffer 
— 32-Bit Posted Memory Write Buffer 
to ISA 


Integrated 16-Bit BIOS Timer 


@ Arbitration for PCI Devices 
— Two or Four External PCI Masters 
Are Supported 
— Fixed, Rotating, or a Combination of 
the Two 


The 82378 System I/O (SIO) component provides the bridge between the PCI local bus and the ISA expansion 
bus. The SIO also integrates many of the common |/O functions found in today’s ISA based PC systems. The 
SIO incorporates the logic for a PCI interface (master and slave), ISA interface (master and slave), enhanced 
seven channel DMA controller that supports fast DMA transfers and Scatter/Gather, data buffers to isolate the 
PCI bus from the ISA bus and to enhance performance, PCI and ISA arbitration, 14 level interrupt controller, a 
16-bit BIOS timer, three programmable timer/counters, and non-maskable-interrupt (NMI) control logic. The 
SIO also provides decode for peripheral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse 
Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 


IMPORTANT—READ THIS SECTION BEFORE READING THE REST OF THE DATA SHEET. 


This data sheet describes the 82378IB and 82378ZB components. All normal text describes the functional- 
ity for both components. All features that exist on the 82378ZB are shaded as shown below. 
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82420/82430 PCiset 
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82374EB 


EISA SYSTEM COMPONENT (ESC) 


integrates EISA Compatible Bus 

Controller 

— Translates Cycles between EISA and 
ISA Bus 

— Supports EISA Burst and Standard 
Cycles 

— Supports ISA No wait State Cycles 

— Supports Byte Assembly/ 
Disassembly for 8-, 16- and 32-Bit . 
Transfers 

— Supports Bus Frequency up to 
8.33 MHz 


Supports Eight EISA Slots 

— Directly Drives Address, Data and 
Control Signals for Eight Slots 

— Decodes Address for Eight Slot 
Specific AENs 


Provides Enhanced DMA Controller 

— Provides Scatter-Gather Function 

— Supports Type A, Type B, Type C 
(Burst), and Compatible DMA 
Transfers 

— Provides Seven Independently 
Programmable Channels 

— Integrates Two 82C37A Compatible 
DMA Controllers 


Provides High Performance Arbitration 

— Supports Eight EISA Masters and 
PCEB 

— Supports ISA Masters, DMA 
Channels, and Refresh 

— Provides Programmable Arbitration 
Scheme for Fixed, Rotating, or 
Combination Priority 


m Integrates Support Logic for X-Bus 


Peripheral and More 

— Generates Chip Selects/Encoded 
Chip Selects for Floppy and 
Keyboard Controller, IDE, Parallel/ 
Serial Ports, and General Purpose 
Peripherals 

— Provides Interface for Real Time 
Clock 

— Generates Control Signals for X-Bus 
Data Transceiver 

— Integrates Port 92, Mouse interrupt, 
and Coprocessor Error Reporting 


integrates the Functionality of Two 

82C59 Interrupt Controllers and Two 

82C54 Timers 

— Provides 14 Programmable Channels 
for Edge or Level Interrupts 

— Provides 4 PCI Interrupts Routible to 
Any of 11 Interrupt Channels 

— Supports Timer Function for Refresh 
Request, System Timer, Speaker 
Tone, Fail Safe Timer, and Periodic 
CPU Speed Control 


Generates Non-Maskable Interrupts 
(NMI) 

— PCI System Errors 

— PCI Parity Errors 

— EISA Bus Parity Errors 

— Fail Safe Timer 

— Bus Timeout 

— Via Software Control 


Provides BIOS Interface 

— Supports 512 Kbytes of Flash or 
EPROM BIOS on the X-Bus 

— Allows BIOS on PCI 

— Supports integrated VGA BIOS 


m 208-Pin QFP Package 


The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC 
with the PCEB provide all the functions to implement an EISA to PCI bridge and EISA I/O subsystem. The ESC 
integrates the common |/O functions found in today’s EISA based PC systems. The ESC incorporates the 
logic for a EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller 
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun- 
ters, and Non-Maskable Interrupt (NMI) control logic. The ESC also integrates support logic to decode periph- 
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two 
Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 
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823/75EB 


PCI/EISA BRIDGE (PCEB) 


Provides the Bridge between the PCI m@ 32-Bit Data Paths 
Bus and EISA Bus m Integrated EISA Data Swap Buffers 
100% PCI and EISA Compatible tteadl ; 
— PCi and EISA Master/Slave Interface - ke len cdg Nei 
— Directly Drives 10 PCI Loads and 8 — Fixed, Rotating, or a Combination of 
EISA Slots the Two 
— Supports PCI at 25 MHz to 33 MHz 
m@ PCI and EISA Address Decoding and 
Data Buffers Improve Performance Mapping 
— Four 32-Bit PCI-to-EISA Posted Write — Positive Decode of Main Memory 
Buffers # 
— Four 16-Byte EISA-to-PCI Read/Write __Fuce programmable PCl Memory 
— afer ie Prefetch Space. riegans 
— EISA-to-PCI and PCI-to-EISA Write hooker 
Posting 
= Programmable Main Memory Address 


Data Buffer Management Ensures Data 

Coherency 

— Flush Posted Write Buffers 

— Flush or Invalidate Line Buffers 

— Instruct All PCI Devices to Flush 
Buffers Pointing to PCi Bus before 


Decoding 

— Main Memory Sizes up to 512 Mbytes 

— Access Attributes for 15 Memory 
Segments in First 1 Mbyte of Main 
Memory 


— Programmable Main Memory Hole 


m Burst Transfers on both the PCI and mw integrated 16-Bit BIOS Timer 
EISA Buses @ 208-Pin OFP Package 


m 5V CMOS Technology 


Granting EISA Access to PCI 


The 82375EB PCI-EISA Bridge (PCEB) provides the master/slave functions on both the Peripheral Compo- 
nent Interconnect (PCI) Local Bus and the EISA Bus. Functioning as a bridge between the PCI and EISA 
buses, the PCEB provides the address and data paths, bus controls, and bus protocol translation for PCl-to- 
EISA and EISA-to-PCl transfers. Extensive data buffering in both directions increases system performance by 
maximizing PCI and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB’s buffer 
management mechanism ensures data coherency. The PCEB integrates central bus control functions includ- 
ing a programmable bus arbiter for the PCI Bus and EISA data swap logic for the EISA Bus. Integrated system 
functions include PCI parity generation, system error reporting, and programmable PCI and EISA memory and 
|/O address space mapping and decoding. The PCEB also contains a BIOS Timer that can be used to 
implement timing loops. The PCEB is intended to be used with the EISA System Component (ESC) to provide 
an EISA I/O subsystem interface. 
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82374EB 
EISA SYSTEM COMPONENT (ESC) 


m@ Integrates EISA Compatible Bus 


Controller 

— Translates Cycles between EISA and 
ISA Bus 

— Supports EISA Burst and Standard 
Cycles 

— Supports ISA No Wait State Cycles 

— Supports Byte Assembly/ 
Disassembly for 8-, 16- and 32-Bit 
Transfers 

— Supports Bus Frequency up to 
8.33 MHz 


Supports Eight EISA slots 

— Directly Drives Address, Data and 
Control Signals for Eight Slots 

— Decodes Address for Eight Slot 
Specific AENs 


Provides Enhanced DMA Controller 

— Provides Scatter-Gather Function 

— Supports Type A, Type B, Type C 
(Burst), and Compatible DMA 
Transfers 

— Provides Seven Independently 
Programmable Channels 

— Integrates Two 82C37A Compatible 
DMA Controllers 


Provides High Performance Arbitration 

— Supports Eight EISA Masters and 
PCEB 

— Supports ISA Masters, DMA 
Channels, and Refresh 

— Provides Programmable Arbitration 
Scheme for Fixed, Rotating, or 
Combination Priority 


5V CMOS Technology 


m Integrates Support Logic for X-Bus 


Peripheral and More 

— Generates Chip Selects/Encoded 
Chip Selects for Floppy and 
Keyboard Controller, IDE, Parallel/ 
Serial Ports, and General Purpose 
Peripherals 

— Provides Interface for Real Time 
Clock 

— Generates Control Signals for X-Bus 
Data Transceiver 

— Integrates Port 92, Mouse Interrupt, 
and Coprocessor Error Reporting 


Integrates the Functionality of two 

82C59 Interrupt Controllers and two 

82C54 Timers 

— Provides 14 Programmable Channels 
for Edge or Level Interrupts 

— Provides 4 PCI Interrupts Routible to 
Any of 11 Interrupt Channels 

— Supports Timer Function for Refresh 
Request, System Timer, Speaker 
Tone, Fail Safe Timer, and Periodic 
CPU Speed Control 


Generates Non-Maskable Interrupts 
(NMI) 

— PCi System Errors 

— PCI Parity Errors 

— EISA Bus Parity Errors 

— Fail Safe Timer 

— Bus Timeout 

— Via Software Control 


Provides BIOS Interface 

— Supports 512 Kbytes of Flash or 
EPROM BIOS on the X-Bus 

— Allows BIOS on PCI 

— Supports Integrated VGA BIOS 


m@ 208-Pin QFP Package 


The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC 
with the PCEB provide all the functions to implement an EISA to PCI bridge and EISA I/O subsystem. The ESC 
integrates the common I/O functions found in today’s EISA based PC systems. The ESC incorporates the 
logic for a EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller 
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun- 
ters, and non-maskable-interrupt (NMI) control logic. The ESC also integrates support logic to decode periph- 
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two 
Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 


*Other brands and names are the property of their respective owners. 
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1.0 ARCHITECTURAL OVERVIEW 


The PCI-EISA bridge chip set provides an I/O sub- 
system core for the next generation of high-perform- 
ance personal computers (e.g., those based on the 
Intel486™ or Pentium™ CPU). System designers 
can take advantage of the power of the PCI (Periph- 
eral Component Interconnect) for the local |/O bus 
while maintaining access to the large base of EISA 
_and ISA expansion cards, and corresponding soft- 
ware applications. Extensive buffering and buffer 
management within the PCI-EISA bridge ensures 
maximum efficiency in both bus environments. 


The chip set consists of two components—the 
82375EB, PCI-EISA Bridge (PCEB) and the 
82374EB, EISA System Component (ESC). These 
components work in tandem to provide an EISA |/O 
subsystem interface for personal computer plat- 
forms based on the PCI standard. This section pro- 
vides an overview of the PCI and EISA Bus hierarchy 
followed by an overview of the PCEB and ESC com- 
ponents. 


Bus Hierarchy—Concurrent Operations 


Figure 1-0 shows a block diagram of a typical sys- 
tem using the PCI-EISA Bridge chip set. The system 
contains three levels of buses structured in the fol- 
lowing hierarchy: 


— Host Bus as the execution bus 
— PCI Local Bus as a primary |/O bus 
— EISA Bus as a secondary I/O bus 
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This bus hierarchy allows concurrency for simulta- 
neous operations on all three bus environments. 
Data buffering permits concurrency for operations 
that cross over into another bus environment. For 
example, a PCI device could post data into the 
PCEB, permitting the PC! Local Bus transaction to 
complete in a minimum time and freeing up the PCI 
Local Bus for further transactions. The PCI device 
does not have to wait for the transfer to complete to 
its final destination. Meanwhile, any, ongoing EISA 
Bus transactions are permitted to complete. The 
posted data is then transferred to its EISA Bus desti- 
nation when the EISA Bus is available. The PCI- 
EISA Bridge chip set implements extensive buffering 
for PCl-to-EISA and EISA-to-PClI bus transactions. In 
addition to concurrency for the operations that cross 
bus environments, data buffering allows the fastest 
operations within a particular bus environment (via 
PCI burst transfers and EISA burst transfers). 


The PCI local bus with 132 MByte/sec and EISA 
with 33 MByte/sec peak data transfer rate represent 
bus environments with significantly different band- 
widths. Without buffering, transfers that cross the 
single bus environment are performed at the speed 
of the slower bus. Data buffers provide a mechanism 
for data rate adoption so that the operation of the 
fast bus environment (PCI), i.e., usable bandwidth, is 
not significantly impacted by the slower bus environ- 
ment (EISA). 


MAIN 
MEMORY 


- HOST BRIDGE 


PCEB 


PCI-EISA | -PCI INTERFACE 
BRIDGE | -PCI ARBITER 
CHIP-SET | -PCI LINE BUFFERS 
-DATA SWAP BUFFERS 
-EISA INTERFACE 


-BIOS TIMER 
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-DMA/Scat-Gat 
-INTERRUPT CTRL 
-TIMER 

-EISA BUS CTRL 
-EISA ARBITER 


EISA BUS 
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Figure 1-1. PCI-EISA Chip Set System Block Diagram 


PCi Local Bus 


The PCI Local Bus has been defined to address the 
growing industry needs for a standardized /oca/ bus 
that is not directly dependent on the speed and the 
size of the processor bus. New generations of per- 
sonal computer system software such as Windows 
and Win-NT with sophisticated graphical interfaces, 
multi-tasking and multi-threading bring new require- 
ments that traditional PC |/O architectures can not 
satisfy. In addition to the higher bandwidth, reli- 


ability and robustness of the I/O subsystem is be- 
coming increasingly important. The PCI environment 
addresses these needs and provides an upgrade 
path for the future. PCI features include: 


e Processor independent 
¢ Multiplexed, burst mode operation 


e Synchronous at frequencies from 
20 MHz-33 MHz 


¢ 120 MByte/sec usable throughput 
(132 MByte/sec peak) for 32-bit data path 
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e 240 MByte/sec usable throughput 
(264 MByte/sec peak) for 64-bit data path 


e Optional 64-bit data path with operations that are 
transparent with the 32-bit data path 


e Low latency random access (60 ns write access 
latency to slave registers from a master parked 
on the bus) 


e Capable of full concurrency with processor/mem- 
ory. subsystem 


e Full multi-master capability allowing any PCI mas- 
ter peer-to-peer access to any PCI slave 


e Hidden (overlapped) central arbitration 


e Low pin count for cost effective component pack- 
aging (address/data multiplexed) 


e Address and data parity 


e Three physical address spaces: memory, |/O, 
and configuration 


e Comprehensive support for autoconfiguration 
through a defined set of standard configuration 
functions 


System partitioning shown in Figure 1-0 illustrates 
how the PCI can be used as a common interface 
between different portions of a system platform that 
are typically supplied by the chip set vendor. These 
portions are the Host/PCl Bridge (including a main 
memory DRAM controller and an optional L2 cache 
controller) and the PCI-EISA Bridge. Thus, the PCI 
allows a system I/O core design to be decoupled 
from the processor/memory treadmill, enabling the 
I/O core to provide maximum benefit over multiple 
generations of processor/memory technology. For 
this reason, the PCI-EISA Bridge can be used with 
different processors (i.e., derivatives of the Intel486 
or the new generation of processors, such as the 
Pentium processor). Regardless of the new require- 
ments imposed on the processor side of the Host/ 
PCI Bridge (e.g., 64-bit data path, 3.3V interface, 
etc.) the PCI side remains unchanged which allows 
reusability not only of the rest of the platform chip 
set (i.e., PCI-EISA Bridge) but also of all other I/O 
functions interfaced at the PCI level. These func- 
tions typically include graphics, SCSI, and LAN. 


EISA Bus 


The EISA bus in the system shown in the Figure 1-0 
represents a second level |/O bus. It allows person- 
al computer platforms built around the PCI as a pri- 
mary |/O bus to leverage the large EISA/ISA prod- 
uct base. Combinations of PCI and EISA buses, both 
of which can be used to provide expansion func- 
tions, will satisfy even the most demanding applica- 
tions. 


1-232 


s 


. 
intel. 
Along with compatibility with 16-bit and 8-bit ISA 


hardware and software, the EISA bus provides the 
following key features: 


© 32-bit addressing and 32-bit data path 
e 33 MByte/sec bus bandwidth 


¢@ Multiple bus master support through efficient arbi- 
tration 


e Support for autoconfiguration 


integrated Bus Central Control Functions 


The PCI-EISA Bridge chip set integrates central bus 
functions on both the PCI and EISA Buses. For the 
PCI Local Bus, the functions include PCI Local Bus 
arbitration and default bus driver. For the EISA Bus, 
central functions include the EISA Bus controller 
and EISA arbiter are integrated in the ESC compo- 
nent and EISA Data Swap Logic is integrated in the 
PCEB. 


integrated System Functions 


The PCI-EISA Bridge chip set integrates system 
functions including PCI parity and system errors re- 
porting, buffer coherency management protocol, PCI 
end EISA memory and I/O address space mapping 
and decoding. For maximum flexibility all of these 
functions are programmable allowing for variety of 
optional features. 


1.1 PCEB Overview 


The PCEB provides the interface (bridge) between 
PCI and EISA buses by translating bus protocols in 
both directions. It uses extensive buffering on both 
the PCI and EISA interfaces to allow concurrent bus 
operations. The PCEB also implements the PCI cen- 
tral support functions (e.g., PCI arbitration, error sig- 
nal support, and subtractive decoding). The major 
functions provided by the PCEB are described in this 
section. 


PCI Local Bus Interface 


The PCEB can be either a master or slave on the 
PCI Local Bus and supports bus frequencies from 25 
MHz to 33 MHz. For PCl-initiated transfers, the 
PCEB can only be a slave. The PCEB becomes a 
slave when it positively decodes the cycle. The 
PCEB also becomes a slave for unclaimed cycles on 
the PCI Local Bus. These unclaimed cycles are ei- 
ther negatively or subtractively decoded by the 
PCEB and forwarded to the EISA Bus. 


As a slave, the PCEB supports single cycle transfers 
for memory, I/O, and configuration operations and 
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burst cycles for memory operations. Note that, burst 
transfers cannot be performed to the PCEB’s inter- 
nal registers. Burst memory write cycles to the EISA 
Bus can transfer up to four Dwords, depending on 
available space in the PCEB’s Posted Write Buffers. 
When space is no longer available in the buffers, the 
PCEB terminates the transaction. This supports the 
Incremental Latency Mechanism as defined in the 
Peripheral Component Interconnect (PCI) Specifica- 
tion. Note that, if the Posted Write Buffers are dis- 
abled, PCI burst operations are not performed and 
all transfers are single cycle. 


For EISA-inititated transfers to the PCI Local Bus, 
the PCEB is a PCI master. The PCEB permits EISA 
devices to access either PC| memory or I/O. While 
all PCI |/O transfers are single cycle, PCl memory 
cycles can be either single cycle or burst, depending 
on the status of the PCEB’s Line Buffers. During 
EISA reads of PCI memory, the PCEB uses a burst 
read cycle of four Dwords to prefetch data into a 
Line Buffer. During EISA-to-PC] memory writes, the 
PCEB uses PCI burst cycles to flush the Line Buff- 
ers. The PCEB contains a programmable Master La- 
tency Timer that provides the PCEB with a guaran- 
teed time slice on the PCI Local Bus, after which it 
surrenders the bus. 


As a master on the PCI Local Bus, the PCEB gener- 
ates address and command signal (C/BE#) parity 
for read and write cycles, and data parity for write 
cycles. As a slave, the PCEB generates data parity 
for read cycles. Parity checking is not supported. 


The PCEB, as a resource, can be locked by any PCI 
master. In the context of locked cycles, the entire 
PCEB subsystem (including the EISA Bus) is consid- 
ered a single resource. 


PCi Local Bus Arbitration 


The PCI arbiter supports six PCI masters—the Host/ 
PCI bridge, PCEB, and four other PCI masters. The 
arbiter can be programmed for twelve fixed priority 
schemes, a rotating scheme, or a combination of the 
fixed and rotating schemes. The arbiter can be pro- 
grammed for bus parking that permits the Host/PCl 
Bridge default access to the PCI Local Bus when no 
other device is requesting service. The arbiter also 
contains an efficient PCI retry mechanism to mini- 
mize PCI Local Bus thrashing when the PCEB gen- 
erates a retry. The arbiter can be disabled, if an ex- 
ternal arbiter is used. 


EISA Bus Interface 


The PCEB contains a fully EISA-compatible master 
and slave interface. The PCEB directly drives eight 
EISA slots without external data or address buffer- 
ing. The PCEB is only a master or slave on the EISA 
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Bus for transfers between the EISA Bus and PCI 
Local Bus. For transfers contained to the EISA Bus, 
the PCEB is never a master or slave. However, the 
data swap logic contained in the PCEB is involved in 
these transfers, if data size translation is needed. 
The PCEB also provide support for I/O recovery. 


EISA/ISA masters and DMA can access PCI memo- 
ry or |/O. The PCEB only forwards EISA cycles to 
the PCI Local Bus if the address of the transfer 
matches one of the address ranges programmed 
into the PCEB for EISA-to-PCl positive decode. This 
includes the main memory segments used for gener- 
ating MEMCS# from the EISA Bus, one of the four 
programmable memory regions, or one of the four 
programmable |/O regions. For EISA-initiated ac- 
cesses to the PCI Local Bus, the PCEB is a slave on 
the EISA Bus. I/O accesses are always non-buff- 
ered and memory accesses can be either non-buff- 
ered or buffered via the Line Buffers. For buffered 
accesses, burst cycles are supported. 


During PCl-initiated cycles to the EISA Bus, the 
PCEB is an EISA master. For memory write opera- 
tions through the Posted Write Buffers, the PCEB 
uses EISA burst transfers, if supported by the slave, 
to flush the buffers. Otherwise, single cycle transfers 
are used. Single cycle transfers are used for all |/O 
cycles and memory reads. 


PCI/EISA Address Decoding 


The PCEB contains two address decoders—one to 
decode PCl-initiated cycles and the other to decode 
EISA-initiated cycles. The two decoders permit the 
PCl and EISA Buses to operate concurrently. 


The PCEB can also be programmed to provide main 
memory address decoding on behalf of the Host/ 
PCI bridge. When programmed, the PCEB monitors 
the PCl and EISA bus cycle addresses, and gener- 
ates a memory chip select signal (MEMCS #) indi- 
cating that the current cycle is targeted to main 
memory residing behind the Host/PCI bridge. Pro- 
grammable features include, read/write attributes 
for specific memory segments and the enabling/dis- 
abling of a memory hole. If MEMCS# is not used, 
this feature can be disabled. 


In addition to the main memory address decoding, 
there are four programmable memory regions and 
four programmable I/O regions for EISA-initiated cy- 
cles. EISA/ISA master or DMA accesses to one of 
these regions are forwarded to the PCI Local Bus. 


Data Buffering 


To isolate the slower EISA Bus from the PCI Local 
Bus, the PCEB provides two types of data buffers. 
Buffer management control guarantees data coher- 
ency. 
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Four Dword wide Posted Write Buffers permit post- 
ing of PCl-initiated memory write cycles to the EISA 
Bus. For EISA-initiated cycles to the PCI Bus, there 
are four 16-byte wide Line Buffers. These buffers 
permit prefetching of PCl memory read data and 
posting of PCI memory write data. 


By using burst transactions to fill or flush these buff- 
ers, if appropriate, the PCEB maximizes bus efficien- 
cy. For example, an EISA device could fill a Line 
Buffer with byte, word, or Dword transfers and the 
PCEB would use a PCI burst cycle to flush the filled 
line to PCI memory. 


BIOS Timer 


The PCEB has a 16-bit BIOS Timer. The timer can 
be used by BIOS software to implement timing 
loops. The timer count rate is derived from the EISA 
clock (BCLK) and has an accuracy of +1 us. 


1.2 ESC Overview 


The ESC implements system functions (e.g., timer/ 
counter, DMA, and interrupt controller) and EISA 
subsystem control functions (e.g., EISA bus control- 
ler and EISA bus arbiter). The major functions pro- 
vided by the ESC are described in this section. 


EISA Controller 


The ESC incorporates a 32-bit master and an 8-bit 
slave. The ESC directly drives eight EISA slots with- 
out external data or address buffering. EISA system 
clock (BCLK) generation is integrated by dividing the 
PCI clock (divide by 3 or divide by 4) and wait state 
generation is provided. The AENx and MACkx sig- 
nals provide a direct interface to four EISA slots and 
supports eight EISA slots with encoded AENx and 
MACKx signals. 


The ESC contains an 8-bit data bus (lower 8 bits of 
the EISA data bus) that is used to program the 
ESC’s internal registers. Note that for transfers be- 
tween the PCI and EISA Buses, the PCEB provides 
the data path. Thus, the ESC does not require a full 
32-bit data bus. A full 32-bit address bus is provided 
and is used during refresh cycles and for DMA oper- 
ations. 


The ESC performs cycle translation between the 
EISA Bus and ISA Bus. For mis-matched master/ 
slave combinations, the ESC controls the data swap 
logic that is located in the PCEB. This control is pro- 
vided through the PCEB/ESC interface. 
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DMA Controller 


The ESC incorporates the functionality of two 82C37 
DMA controllers with seven independently program- 
mable channels. Each channel can be programmed 
for 8-bit or 16-bit DMA device size, and |SA-compati- 
ble, type “A’’, type “B’”’, or type “C” timings. Full 
32-bit addressing is provided. The DMA controller is 
also responsible for generating refresh cycles. 


The DMA controller supports an enhanced feature 
called scatter/gather. This feature provides the ca- 
pability of transferring multiple buffers between 
memory and |/O without CPU intervention. In scat- 
ter/gather mode, the DMA can read the memory 
address and word count from an array of buffer de- 
scriptors, located in main memory, called the scat- 
ter/gather descriptor (SGD) table. This allows the 
DMA controller to sustain DMA transfers until all of 
the buffers in the SGD table are handled. 


Interrupt Controller 


The ESC contains an EISA compatible interrupt con- 
troller that incorporates the functionality of two 
82C59 Interrupt Controllers. The two interrupt con- 
trollers are cascaded providing 14 external and two 
internal interrupts. 


Timer/Counter 


The ESC provides two 82C54 compatible timers 
(Timer 1 and Timer 2). The counters in Timer 1 sup- 
port the system timer interrupt (IRQO#), refresh re- 
quest, and a speaker tone output (SPKR). The coun- 
ters in Timer 2 support fail-safe timeout functions 
and the CPU speed control. 


Integrated Support Logic 


To minimize the chip count for board designs, the 
ESC incorporates a number of extended features. 
The ESC provides support. for ALTA20 
(Fast AZOGATE) and ALTRST with I/O Port 92h. 
The ESC generates the control signals for SA ad- 
dress buffers and X-Bus buffer. The ESC also pro- 
vides chip selects for BIOS, the keyboard controller, 
the floppy disk controller, and three general purpose 
devices. Support for generating chip selects with an 
external decoder is provided for IDE, a parallel port, 
and a serial port. The ESC provides support for a 
PC/AT compatible coprocessor interface and IRQ13 
generation. 
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2.0 SIGNAL DESCRIPTION 


This section provides a detailed description of each 
signal. The signals (Figure 2-1) are arranged in func- 
tional group according to their associated interface. 


The ‘‘#” symbol at the end of a signal indicates that 
the active, or asserted state occurs when the signal 


is at a low voltage level. When “#”’ is not presented. 


after the signal name, the signal is asserted when at 
the high voltage level. 


The terms assertion and negation are used exten- 
sively. This is done to avoid confusion when working 
with a mixture of “‘active-low” and “‘active-high”’ sig- 
nals. The term assert, or assertion indicates that a 
signal is active, independent of whether that level is 
represented by a high or low voltage. The term ne- 
gate, or negation indicates that a signal is inactive. 


2.1 PCi Local Bus Interface Signals 


“ae ate 
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RESET # . 


CPU. 


to generate RSTDRV signal. 


Pin ats 2 


PCICLK PCi CLOCK: PCICLK provides timing for all transactions on the PCI Local Bus. The 
ESC uses the PCI Clock (PCICLK) to generate EISA Bus Clock (BCLK). The PCICLK 
is divided by 3 or 4 to generate the BCLK. The EISA Bridge supports PCI Clock 


frequencies of 25 MHz through 33 MHz. 


PARITY ERROR: PERR # indicates a data parity error. PERR# may be pulsed 
active by any agent that detects an error condition. Upon sampling PERR# active, 
the ESC generates an NMI interrupt to the CPU. 


SYSTEM ERROR: SERR# may be pulsed active by any agent that detects an error 
condition. Upon sampling SERR# active, the ESC generates an NMI interrupt to the 


SYSTEM RESET: RESET # forces the entire ESC chip into a known state. All 
internal ESC state machines are reset and all registers are set to their default values. 
RESET # may be asynchronous to PCICLK when asserted or negated. Although 
asynchronous, negation must be a clean, bounce-free edge. The ESC uses RESET 
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The following notations are used to describe the sig- 
nal type. 


in Input is a standard input-only signal. 
out Totem Pole Output is a standard active driv- 
er. 


o/d Open Drain Input/Output. 


t/s Tri-State is a bi-directional, tri-state input/out- 
put pin. 

s/t/s Sustained Tri-State is an active low tri-state 
signal owned and driven by one and only one 
agent at a time. The agent that drives a s/t/s 
pin low must drive it high for at least one 
clock before letting it float. A new agent can 
not start driving a s/t/s signal any sooner 
than one clock after the previous owner tri- 
states it. A pull-up sustains the inactive state 
until another agent drives it and is provided 
by the central resource. 
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2.2 EISA Bus Interface Signals 


et ee ee. ee ee ee 


BCLKOUT EISA BUS CLOCK OUTPUT: BCLKOUT is typically buffered to create EISA Bus 
Clock (BCLK). The BCLK is the system clock used to synchronize events on the 
BCLK 


EISA/ISA bus. The BCLKOUT is generated by dividing the PCICLK. The ESC 
uses a divide by 3 or divide by 4 to generate the BCLKOUT. 

LA[31:27] #/ 

CPG[4:0] 


EISA BUS CLOCK: BCLK is an input to the ESC device. This ESC uses the 
BCLK to synchronize events on the EISA bus. The ESC generates or samples all 
the EISA/ISA bus signals on either the rising or the falling edge of BCLK. 


EISA ADDRESS BUS/CONFIGURATION RAM PAGE ADDRESS: These are 
multiplexed signals. These signals behave as the EISA address bus under all 
conditions except during access cycle to the Configuration RAM. 


EISA ADDRESS BUS: LA[31:27] # are directly connected to the EISA address 
bus. The ESC uses the address bus in conjunction with the BE[3:0] # signals as 
inputs to decode accesses to its internal resources except in DMA and Refresh 
modes. During DMA and Refresh modes, these are outputs, and the ESC uses 
these signals in conjunction with BE[3:0] # to drive Memory address. 


CONFIGURATION RAM PAGE ADDRESS: CPG[4:0] are connected to 
Configuration SRAM address lines. During |/O access to O800h—08FFh, the ESC 
drives these signals with the configuration page address (the value contained in 
register OCOOh). The Configuration RAM Page Address function can be disabled 
by setting Mode Select register bit 5 = 0. 


LA[26:24] # EISA ADDRESS BUS: These signals are directly connected to the EISA address 
and bus. The ESC uses the address bus in conjunction with the BE[3:0] # signals as 
LA[23:2] inputs to decode accesses to its internal resources except in DMA and Refresh 


modes. During DMA and Refresh modes, these are outputs, and the ESC uses 
these signals in conjunction with BE[3:0] # to drive Memory address. 


BYTE ENABLES: BE[3:0] # signals are directly connected to the EISA address 
bus. These signals indicate which byte on the 32-bit EISA data bus are involved 
in the current cycle. BE[3:0] # are inputs during EISA master cycles which do not 
require assembly/disassembly operation. For EISA master assembly/ 
disassembly cycles, ISA master cycles, DMA, and Refresh cycles BE[3:0] # are 
outputs. 


BEO #: Corresponds to byte lane 0-SD[7:0] 
BE1 #: Corresponds to byte lane 0-SD[15:8] 
BE2#: Corresponds to byte lane 0-SD[23:16] 
BE3 #: Corresponds to byte lane 0-SD[31:24] 


MEMORY OR I/O CYCLE: M/IO# signal is used to differentiate between 
memory cycles and |/O cycles on the EISA bus. A High value on this signal 
indicates a memory cycle, and a Low value indicates an I/O cycle. M/IO# is an 
input to the ESC during EISA master cycles, and M/IO # is an output during ISA, 
DMA, and ESC initiated Refresh cycles. M/IlO # is floated during ISA master 
initiated Refresh cycles. 


WRITE OR READ CYCLE: W/R # signal is used to differentiate between write 
and read cycles on the EISA bus. A High value on this signal indicates a Write 
cycle, and a Low value indicates a Read cycle. W/R # is an input to the ESC 
during EISA master cycles, and W/R # is an output during ISA, DMA, and 
Refresh cycles. 


‘ P 
Eials 
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2.2 EISA Bus Interface Signals (Continued) 


Pin ma 


EX32 # o/d EISA 32-BIT DEVICE DECODE: EX32# signal is asserted by a 32-bit EISA slave 
device. EX32# assertion indicates that an EISA device has been selected as a 
slave, and the device has a 32-bit data bus size. The ESC uses this signal as an 
input as part of its slave decode to determine if data size translation and/or cycle 
translation is required. EX32# is an output of the ESC during the last portion of 
the mis-matched cycle. This is an indication to the backed-off EISA miaster that 


the data translation has been ‘completed. The backed-off EISA master uses this 
EX16# 


signal to start driving the EISA bus again. 
EISA 16-BIT DEVICE DECODE: EX16# signal is asserted by a 16-bit EISA slave 
START # 
baal oe 


device. EX16# assertion indicates that an EISA device has been selected as a 
EXRDY 


slave, and the device has a 16-bit data bus size. The ESC uses this signal as an 
input as part of its slave decode to determine if data size translation and/or cycle 
SLBURST # 2 
MSBURST # 


translation is required. EX16# is an output of the ESC during the last portion of 
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the mis-matched cycle. This is an indication to the backed-off EISA master that 
the data translation has been completed. The backed-off EISA master uses this 
signal to start driving the EISA bus again. 


START CYCLE: START # signal provides timing control at the start of an EISA 
cycle. START # is asserted for one BCLK. START # is an input to the ESC during 
EISA master cycles except portions of the EISA master to mis-matched slave 
cycles where it becomes an output. During ISA, DMA, and Refresh cycles 
START # is an output. 


COMMAND: CMD # signal provides timing control within an EISA cycle. The ESC 
is a central resource of the CMD# signal, and the ESC generates CMD # during 
all EISA cycles. CMD # is asserted from the rising edge of BCLK simultaneously 
with the negation of START #, and remains asserted until the end of the cycle. 


EISA READY: EXRDY signal is deasserted by EISA slave devices to add wait 
states to a cycle. EXRDY is an input to the ESC for EISA master cycles, ISA 
master cycles, and DMA cycles where an EISA slave has responded with EX32 # 
or EX16# asserted. The ESC samples EXRDY on the falling edge of BCLK after 
CMD # is asserted (except during DMA compatible cycles). During DMA 
compatible cycles, EXRDY is sampled on the second falling edge of BCLK after 
CMD # is driven active. For all types of cycles if EXRDY is sampled inactive, the 
ESC keeps sampling it on every falling edge of BCLK #. EXRDY is an output for 
EISA master cycles decoded as accesses to the ESC internal registers. ESC 
forces EXRDY low for one BCLK at the start of a potential DMA burst write cycle 
to insure that the initial write data | is held long enough to be sampled by the 
memory slave. 


SLAVE BURST: SLBURST # signal is asserted by an EISA slave to indicate that 
the device is capable of accepting EISA burst cycles. The ESC samples 
SLBURST # on the rising edge of BCLK at the end of START # for all EISA 
cycles. During DMA cycles, the ESC samples SLBURST # twice; once on the 
rising edge of BCLK at the beginning of START # and again on the rising edge of 
BCLK at the end of START #. 


MASTER BURST: MSBURST # signal is asserted by an EISA master to indicate 
EISA burst cycles. MSBURST # is asserted by an EISA master in response to an 
asserted SLBURST # signal. The ESC samples SLBURST # on the rising edge of 
BCLK that CMD # is asserted. If asserted, the ESC samples SLBURST # on all 
subsequent rising edges of BCLK until sampled negated. The ESC keeps CMD # 
asserted during Burst cycles. MSBURST # is an output during DMA burst cycles. 
The ESC drives MSBURST # active on the falling edge of BCLK, one half BCLK 
after SLBURST # is sampled active at the end of START #. 
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2.2 EISA Bus Interface Signals (Continued) 


Pin i 


MASTER16# MASTER 16-BIT: MASTER16# is asserted by a 16-bit EISA Bus master or an 
ISA Bus master device to indicate that it has control of the EISA Bus or ISA Bus. 
The ESC samples MASTER16# on the rising edge of BCLK that START # is 
asserted. If MASTER16# is sampled asserted, the ESC determines that a 16-bit 
EISA Bus master or an ISA Bus master owns the Bus. If MASTER16# is 
sampled negated at the first sampling point, the ESC will sample MASTER16# 
a second time on the rising edge of BCLK at the end of START #. lf 
MASTER16# is sampled asserted here, the ESC determines that a 32-bit EISA 


Bus master has downshifted to a 16-bit Bus master, and thus, the ESC will 
SD[7:0] 


disable the data size translation function. 
2.3 == Bus Signals 


BUS ADDRESS LATCH ENABLE: BALE signal is asserted by the ESC to indicate 
that an address (SA[19:0], LA[23:17]), AEN and SBHE # signal lines are valid. The 
LA[23:17] address lines are latched on the trailing edge of BALE. BALE remains 
active throughout DMA and ISA Master cycles and Refresh cycles. 


ISA ADDRESS BITS 0 AND 1: SA[1:0] are the least significant bits of the ISA 
address bus. SA[1:0] are inputs to the ESC during ISA master cycles except during 
ISA master initiated Refresh cycles. The ESC uses the SA[1:0] in conjunction with 
SBHE # to generate BE[3:0] # on the EISA bus. The SA[1:0] are outputs of the ESC 
during EISA master cycles and DMA cycles. The ESC eneeiee these from 

BE[3:0] #. 


ISA BYTE HIGH ENABLE: SBHE # signal indicates that the high byte on the ISA data 
bus (SD[15:8]) is valid. SBHE # is an input to the ESC during ISA master cycles, 
except during ISA master initiated Refresh cycles. The ESC uses the SBHE # in 
conjunction with SA[1:0] to generate BE[3:0] # on the EISA bus. SBHE # is an output 
during EISA master and DMA cycles. 


MEMORY CHIP SELECT 16: M16# is an input when the ESC component owns the 
ISA bus. M16# is an output when an external ISA bus Master owns the ISA bus. The 
ISA slave memory drives this signal Low if it is a 16-bit memory device. For ISA to 
EISA translation cycles, the ESC combinatorially asserts M16 # if either EX32# or 
EX16# are asserted. This signal has an external pull-up resistor. 


16-BIT I/O CHIP SELECT: |016# signal is used to indicate a 16-bit |/O bus cycle. 
This signal is asserted by the I/O devices to indicate that they support 16-bit I/O bus 
cycles. All |/O accesses to the ESC registers are run as 8-bit I/O bus cycles. This 

signal has an external pull-up resistor. 


MEMORY READ: MRDC ¥ signal indicates a read cycle to the ISA memory devices. 
MRDC # is the command to a memory slave that it may drive data onto the ISA data 

bus. MRDC # is an output when the ESC owns the ISA bus. MRDC # is an input when 
an external ISA Bus master owns the ISA Bus. This signal is driven by the ESC during 
refresh cycles. 
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SYSTEM DATA: SD[7:0] signals are directly connected to the System Data bus. 
The SD[7:0] pins are outputs during I/O reads when the ESC internal registers 
are being accessed and during interrupt acknowledge cycles. The SD[7:0] pins 
are input during |/O write cycles when the ESC internal registers are being 
accessed. 
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2.3 ISA Bus Signals (Continued) 


MWTC# MEMORY WRITE: MWTC# signal indicates a write cycle to the ISA memory 
devices. MWTC# is the command to a memory slave that it may latch data from the 
ISA data bus. MWTC # is an output when the ESC owns the ISA bus. MWTC # is an 


input when an ISA Bus master owns the ISA Bus. 


SYSTEM MEMORY READ: SMRDC # signal is asserted by the ESC to request a 
memory slave to drive data onto the data lines. SMRDC # indicates that the 

memory read cycle is for an address below the 1 Mbyte range on the ISA bus. This 
Signal is also asserted during refresh cycles. 


SYSTEM MEMORY WRITE: SMWTC # signal is asserted by the ESC to request a 
memory slave to accept data from the data lines. SMWTC # indicates that the 
memory write cycle is for an address below the 1 Mbyte range. 


I/O READ: IORC # is the command to an ISA I/O slave device that it may drive 
data on to the data bus (SD[15:0]). The device must hold the data valid until after 
lORC # is negated. lIORC # is an output when the ESC component owns the ISA 

bus. IORC # is an input when an ISA Bus master owns the ISA Bus. 


1/O WRITE: |OWC # is the command to an ISA I/O slave device that it may latch 
data from the ISA data bus (SD[15:0]). IOWC # is an output when the ESC 

component owns the ISA Bus. |OWC # is an input when an ISA Bus master owns 
the ISA Bus. 


1/O CHANNEL READY: CHRDY when asserted allows ISA Bus resources request 
additional time (wait states) to complete the cycle. CHRDY is an input when the 
ESC owns the ISA Bus. CHRDY is an input to the ESC during compatible DMA 
cycles. CHRDY is an output during ISA Bus master cycles to PCI slave or ESC 
internal register. The ESC will ignore CHRDY for ISA-Bus master accessing an ISA- 
Bus slave. 


I/O CHANNEL CHECK: IOCHK # can be asserted by any resource on the ISA Bus. 
When asserted, it indicates that a parity or an uncorrectable error has occurred for a 
device or memory on the ISA Bus. A NMI will be generated to the CPU if enabled. 


ZERO WAIT STATES: NOWS # indicates that a peripheral device wishes to 
execute a zero wait state bus cycle (the normal default 16-bit ISA bus memory or 
|/O cycle is 3 BCLKS). When NOWS # is asserted, a 16-bit memory cycle will occur 
in two BCLKs and a 16-bit I/O cycle will occur in three BCLKs. When NOWS # is 
asserted by an 8-bit device the default 6 BCLKs cycle is shortened to 4 or 5 BCLKs. 


NOWS # is an input when the ESC is performing bus translation cycles. NOWS # is 
an output when the ESC internal registers are accessed. 
If CHRDY and NOWS # are both asserted during the same clock then NOWS # will 


be ignored and wait states will be added as a function of CHRDY (CHRDY has 
precedence over NOWS #). 


OSCILLIATOR: OSC is the 14.31818 MHz signal with 50% duty alas OSC is used 
by the ESC timers. 


RESET DRIVE: RSTDRYV is asserted by the ESC. An asserted RSTDRV causes a 
hardware reset of the devices on the ISA Bus. RSTDRV is asserted whenever the 
RESET # input to the ESC is asserted. 


SMRDC # 


SMWTC# 
lIORC# 
lOWC# 


CHRDY 


IOCHK # Pe 


NOWS # 


lila 
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2.3 ISA Bus Signals (Continued) 


ie ee ee 


REFRESH # t/s REFRESH: REFRESH # is used by the ESC as an output to indicate when a 
refresh cycle is in progress. It should be used to enable the SA[15:0] address to 
the row address inputs of all banks of dynamic memory on the ISA bus so that 
when MRDC# goes active, the entire expansion bus dynamic memory is 
refreshed. Memory slaves must not drive any data onto the bus during refresh 
and should not add wait states since this will affect the entire system throughput. 
As an output, this signal is driven directly onto the ISA bus. This signal is an 
output only when the ESC DMA Refresh is a master on the bus responding to an 
internally generated request for Refresh. Upon RESET this pin will tri-state. Note 
that address lines [15:8] are driven during refresh, but the value is meaningless 


and is not used to refresh ISA bus memory. 
Pe 


REFRESH # may be asserted by an expansion bus adapter acting as a 16-bit ISA 
AEN[4:1]/ 


bus master. 
EAEN[4:1] 


ADDRESS ENABLE: AEN # is driven high for Bus master cycles. AEN # is driven 
low for DMA cycles and Refresh cycles. AEN # is used to disable I/O devices 
from responding to DMA and Refresh cycles. System designs which do not use 
the slots specific AENs (AEN[4:1]/EAEN[4:1]) provided by the ESC can use the 
AEN # signal to generate their own slot specific AENs. 


These pins have a slightly different function depending on the ESC configuration 
(Mode Select register bit 1 and bit 0). 

SLOT SPECIFIC ADDRESS ENABLE: If the ESC is programmed to support 4 
EISA slots, these signals function as Slot Specific Address Enables (AEN[4:1]). 
ENCODED SLOT SPECIFIC ADDRESS ENABLE: If the ESC has been 
programmed to support more than 4 EISA slots, then these signals behave as 
Encoded Address Enables (EAEN[4:1]). A discrete decoder is required to 
generate slot specific AENs. 

Refer to Section 5.8.1 AEN GENERATION for a detailed description of these 
signals. 
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2.4 DMA Signal Description 


Es iene 0 EE cca ee Oomtaptian ae ce 


DREQI7:5,3:0] DMA REQUEST: DREQ signals are either used to request DMA service from 
the ESC or used to gain control of the ISA Bus by a ISA Bus master. The 
active level (high or low) is programmed in the Command registers. When the 
Command register Bit 6 is programmed to 0, DREQ are asserted high, 
otherwise the DREQ are asserted low. All inactive to active edges of DREQ 
are assumed to be asynchronous. The request must remain asserted until the 
appropriate DACK is negated. At power-up and after RESET, these lines 
should be low (negated). 


DMA ACKNOWLEDGE: DACK # indicates that a request for DMA service 
from the DMA subsystem has been recognized or that an ISA Bus master has 
been granted the bus. The level of the DACK lines when asserted may be 
programmed to be either high or low. This is accomplished by programming 
the DMA Command register. These lines should be used to decode the DMA 
slave device with the |ORC# or lIOWC # line to indicate selection. If-used to 
signal acceptance of a bus master request, this signal indicates when it is 
legal to assert MASTER16#. If the DMA controller has been programmed for 
a timing mode other than compatible mode, and another device has 
requested the bus, and a 4 us time has elapsed, DACK # will be negated and 
the transfer stopped before the transfer is complete. In this case, the transfer 
will be restarted at the next arbitration period in which the channel wins the 
bus. Upon reset these lines are negated. 


END OF PROCESS: EOP pin acts in one of two modes, and it is directly 
connected to the TC line of the ISA Bus. In the first mode, EOP-In, the pin is 
an input and can be used by a DMA slave to stop a DMA transfer. In the 
second mode, TC-Out, it is used as a terminal count output by DMA slaves. 
An active pulse is generated when the byte counter reaches its last value. 


EOP-IN MODE: During DMA, for all transfer types, the EOP pin is sampled by 
the ESC. If it is sampled asserted, the address bus is tri-stated and the 
transfer is terminated. 


TC-OUT MODE: The EOP output will be asserted after a new address has 
been output if the byte count expires with that transfer. The EOP (TC) will stay 
asserted until AEN # is negated unless AEN is negated during an 
autoinitialization. EOP (TC).will be negated before AEN is negated during an 
autoinitialization. 


INTOUT MODE: In this mode the EOP signal has the same behavior as the 
Chaining Interrupt or the Scatter-Gather interrupt to the host processor 
(IRQ13). lf a scatter-gather or chaining buffer is expired, EOP will go active on 
the falling edge of BCLK. Only the currently active channel’s interrupt will be 
reflected on this pin. Other channel’s with active interrupts pending will not 
affect the EOP pin. 

Whenever all the DMA channels are not in use, the EOP pin is kept in output 
mode and negated. After reset, the EOP pin is kept in output mode and 
negated. 


DACK # [7:5,3:0] 
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2.5 EISA Arbitration Signals 


Pin 
Name 


MREQ[3:0] # MASTER REQUEST: MREQ[3:0] # are slot specific signals used by EISA bus 
masters to request bus access. MREQ # once asserted, must remain asserted 
until the corresponding MACK # is asserted. The MREQ # is negated on the 
falling edge of BCLK slightly before the end of a master transfer. The LAT], 
BE[]#, M/lIO#, and W/R # lines should be floated on or before the rising edge 
of BCLK after MREQ # is negated. The end of the last bus cycle is derived from 
CMD # in this case. The MREQ# signals are asserted on the falling edge of 
BCLK. MREQ # is always sampled on the rising edge of BCLK. MREQ# is 
synchronous with respect to BCLK. After asserting MREQ #, the corresponding 
master must not assert MREQ # until 1.5 BCLKs after CMD # is negated. 


MREQ(7:4] #/ These pins behave in one of two modes depending on the state of the Mode 
PIRQ(0:3] # Select register bit 1 and bit 0. 


MASTER REQUEST: MREQ # lines are slot specific signals used by EISA bus 
masters to request bus access. This signal behaves in the same manner as 
MREQ[3:0] # signals. 


PCI INTERRUPT REQUEST: PIRQ# are used to generate asynchronous 
interrupts to the CPU via the Programmable Interrupt Controller (82C59) 
integrated in the ESC. These signals are defined as level sensitive and are 
asserted low. The PIRQx# can be shared with PC compatible interrupts 
IRQ3:IRQ7, IRQ9:IRQ15. The PIRQx# Route Control Register determines 
which PCI interrupt is shared with which PC compatible interrupt. 


Register 
Bit[ 1:0] MREQ7#/ | MREQ6#/ | MREQ5#/ | MREQ4#/ 
PIRQO# PIRQ1# PIRQ2# PIRQ3 # 


PIRQO # PIRQ1 # PIRQ2# PIRQ3 # 
PIRQO# PIRQ1 # MREQ5 # MREQ4# 
PIRQO # MREQ6 # MREQ5 # MREQ4 # 
MREQ7 # MREQ6 # MREQ5 # MREQ4 # 


MACK[3:0] # / These pins behave in one of two modes depending on the state of the Mode 

EMACK[3:0] Select register bit 1 and bit 0. If the ESC is programmed to support 4 EISA slots, 
then these pins are used as MACK #. If the ESC is programmed to support 
more than 4 EISA slots, then these pins are used as EMACK # 


MASTER ACKNOWLEDGE: The MACK[3:0] # signals are asserted from the 
rising edge of BCLK at which time the bus master may begin driving the LA[ ], 
BE[]#, M/IO#, and W/R # lines on the next falling edge of BCLK. MACK # 
will stay asserted until the rising edge of BCLK when MREQ # is sampled 
negated. MACK # is sampled by EISA Bus masters on the falling edge of BCLK. 
lf another device has requested the bus, MACK # will be negated before 
MREQ # is negated. When MACK # is negated, the granted device has a 
maximum of 8 ws to negate MREQ# and begin a final bus cycle. The ESC may 
negate the MACK # signal a minimum of one BCLK after asserting it if another 
device (or refresh) is requesting the bus. Upon reset MACK # is negated. 


ENCODED MASTER ACKNOWLEDGE: EMACK # behaves like MACK #. The 
difference is that a discrete decoder is required to generate MACK # for the 
EISA Bus masters. 


Refer to Section 5.8.2 MACK Generation for details. 
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2.6 Timer Unit Signal 
SPKR SPEAKER DRIVE: SPKR is the output of Timer 1, Counter 2 and is ‘““ANDed”’ with 
Port 061h Bit 1 to provide Speaker Data Enable. This signal drives an external 
speaker driver device, which in turn drives the ISA system speaker. SPKR has a 


24 mA drive capability. Upon reset, its output state is 0. 
SLOWH# 


SLOW DOWN CPU: SLOWH # is the output of Timer 2, Counter 2. This counter is 
2.7 Interrupt Controller Signals 


used to slow down the main CPU of its execution via the CPU’s HOLD pin by pulse 
width modulation. The first read of |/O register in the 048h-04Bh range will enable 
SLOWH # signal to follow the output of the Timer 2, Counter 2. Upon reset, 
SLOWH # is negated. This signal requires an external pull-up resistor 

(8 KQN-10 KQ). 


IRQ(15:9], 
IRQ8#, 
IRQ(7:3,1] 


INTERRUPT REQUEST: IRQ These signals provide both system board 
components and EISA bus I/O devices with a mechanism for asynchronously 
interrupting the CPU. The assertion mode of each interrupt can be programmed to 
be edge or level triggered. 


An asserted IRQ input must remain asserted until after the falling edge of INTA#. If 
the input is negated before this time, a DEFAULT IRQ7 will occur when the CPU 
acknowledges the interrupt. (Refer to Section 9.12.7.) 


CPU INTERRUPT: INT is driven by the ESC to signal the CPU that an Interrupt 
request is pending and needs to be serviced. It is asynchronous with respect to 
BCLK or PCICLK and it is always an output. The interrupt controllers must be 
programmed following a reset to ensure that this pin takes on a known state. Upon 
reset the state of this pin is undefined. 


NON-MASKABLE INTERRUPT: NMI is used to force a non-maskable interrupt to 
the CPU. The CPU registers an NMI when it detects a rising edge on NMI. NMI will 
remain active until a read from the CPU to the NMI register at port 061h is detected 
by the ESC. This signal is set to low upon reset. 
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2.8 ESC/PCEB Interface Signals 


2.8.1 ARBITRATION AND INTERRUPT ACKNOWLEDGE CONTROL 


Fae ee ee ee 
EISAHOLD EISA HOLD: EISAHOLD is used to request control of the EISA bus from its default 
owner, PCEB. This signal is synchronous to PCICLK and is asserted when 
RESET # is asserted. 


EISAHLDA aa EISA HOLD ACKNOWLEDGE: EISAHLDA is used by the PCEB to inform the ESC 


that it has been granted ownership of EISA bus. This signal is synchronous to 
PEREQ#/ 
INTA# 


PCICLK. 
2.8.2 PCEB BUFFER COHERENCY CONTROL 


PCI TO EISA REQUEST OR INTERRUPT ACKNOWLEDGE: PEREQ#/INTA# is 
Pin , 5s 


a dual function signal. The context of the signal pin is determined by the state of 
NMFLUSH # t/s NEW MASTER FLUSH: NMFLUSH ¢ is a bi-directional signal which is used to 
provide handshake between PCEB and ESC to control flushing of system buffers 
on behalf of EISA masters. 
During an EISA bus ownership change, before ESC can grant the bus to the EISA 
master (or DMA) it must ensure that system buffers are flushed and buffers 
pointing (potentially) towards EISA subsystem are disabled. The ESC asserts 
NMFLUSH # signal for one PCI clock indicating the request for system buffer 
flushing. (After driving NUFLUSH # asserted for 1 PCI clock the ESC tri-states 
NMFLUSH # signal.) When PCEB samples NMFLUSH # asserted it starts 
immediately to drive NUFLUSH # asserted and initiates internal and external 
requests for buffer flushing. After all buffers have been flushed (indicated by the 
proper handshake signals) the PCEB negates NMFLUSH # for 1 PCI clock and 
stops driving it. When ESC samples signal deasserted that indicates that all 
system buffers are flushed, it grants EISA bus to an EISA master (or DMA). The 
ESC resumes responsibility of default NUFLUSH # driver and starts driving 


EISAHLDA signal. 
NMFLUSH # deasserted until the next time a new EISA master (or DMA) wins 
INTCHIPO 


When EISAHLDA is asserted (1) this signal has the context of PCI-to-EISA 
Request i.e., if PEREQ#/INTA# is asserted it indicates to the ESC that PCEB 
needs to obtain the ownership of the EISA bus on behalf of a PCI agent. 


This signal is synchronous to the PCICLK and it is driven inactive when PCIRST is 
asserted. 


When EISAHLDA is deasserted (0) this signal has the context of Interrupt 
Acknowledge i.e., if PEREQ #/INTA# is asserted it indicates to the ESC that 
current cycle on the EISA is an interrupt acknowledge. 

arbitration. 

This signal is synchronous with PCICLK and will be driven negated by the ESC at 
reset. 


INTER CHIP 0: INTCHIPO is a reserved signal. The INTCHIPO output of the ESC 
should be connected to the INTCHIPO input of the PCEB for proper device 
operation. 
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SDCPYENO1 # 
SDCPYENO2 # 
SDCPYENO3 # 
SDCPYEN13# 


SDCPYUP : 
SDOE[2:0] # e 


SDLE[3:0] # 


COPY ENABLE: These active low signals perform byte copy operation on the 
EISA data bus (SD). These signal are active during mis-matched cycle, and 
they are used by the PCEB to enable byte copy operation between SD data 
byte lanes 0, 1, 2, and 3 as follows: 
SDCPYENO1# Copy between Byte Lane 0(SD[7:0]) and Byte Lane 

: 1(SD[15:8]) 
SDCPYEN02# Copy between Byte Lane 0(SD[7:0]) and Byte Lane 

2(SD[23:16]) 

SDCPYENO3# Copy between Byte Lane 0(SD[7:0]) and Byte Lane 
3(SD[31:24]) 
SDCPYEN13# Copy between Byte Lane 1(SD[15:8]) and Byte Lane 
7 3(SD[31:24]) 


SYSTEM (DATA) COPY UP: SDCPYUFP is used to control the direction of the 
byte copy operation. A High on the signal indicates a COPY UP operation 
where the lower byte lower word of the SD data bus is copied on to the higher 
byte or higher word of the bus. A Low on the signal indicates a COPY DOWN 
operation where the higher byte(s) of the data bus are copied on to the lower 
byte(s) of the bus. The PCEB uses the signal to perform the actual data byte 
copy operation during mis-matched cycles. 


SYSTEM DATA OUTPUT ENABLES: SDOE # enables the SD data output of 
the PCEB Data Swap Buffers on to EISA bus. The ESC activates these signals 
only during mis-matched cycles. The PCEB uses these signals to enable the 
SD data buffers as follows: 


SDOEO# Enables byte lane 0 SD[7:0] 

SDOE1# Enables byte lane 1 SD[15:8] 

SDOE2# Enables byte lane 2 SD[23:16] and byte lane 3 SD[31:24] 
SYSTEM DATA LATCH ENABLES: SDLE[3:0] # enable the latching of EISA 
data bus. These signals are activated only during mis-matched cycles except 


PCEB initiated write cycle. The PCEB uses these signals to latch the SD data 
bus as follows: 


SDLEO# Latch byte lane 0 SD[7:0] 
SDLE1# Latch byte lane 0 SD[15:8] 
SDLE2# Latch byte lane 0 SD[23:16] 
SDLE3# Latch byte lane 0 SD[31:24] 
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2.9 Integrated Logic Signals 


2.9.1 EISA ADDRESS BUFFER CONTROL 


SALE # SA LATCH ENABLE: SALE # is directly connected to F543s which buffer the LA 
addresses from the SA addresses. The rising edge of SALE # latches the LA 
address Bit LA[19:2] to the SA address Bit SA[19:2]. 


LASAOE # LA TO SA ADDRESS OUTPUT ENABLE: LASAOE # is directly connected to the 
SA output buffer enables of the F543s. The ESC asserts LASAOE # during EISA 
SALAOE # oe 


master cycles. When LASAOE # is asserted, the LA to SA output buffers of the 
2.9.2 COPROCESSOR INTERFACE 


F543s are enabled. 
SA TO LA ADDRESS OUTPUT ENABLE: SALAOE # is connected to the LA 
output buffer enables of the F543s. This signal functionally is the exact opposite of 
LASAOE # signals. The ESC asserts SALAOE # during ISA master cycles. When 
LASAOE # is asserted, the SA to LA output buffers of the F543s are enabled. 
Pin 
FERR# NUMERIC CO-PROCESSOR ERROR: FERR # signal is tied to the Co-processor 
error signal of the CPU. If FERR # is asserted (Co-processor error detected by the 
CPU), an internal IRQ13 is be generated and the INT from the ESC will be asserted. 
IGNNE # out IGNORE ERROR: IGNNE # is tied to the ignore numeric error pin of the CPU. 
IGNNE # is asserted and internal IRQ13 is negated from the falling edge of IOWC # 
2.9.3 BIOS JSTEREAGE 


during an |/O write to location OOFOh. IGNNE # will remain asserted until FERR # is 
LBIOSCS # LATCHED BIOS CHIP-SELECT: LBIOSCS # indicates that the current address is 
for the system BIOS. The ESC generates this signal by decoding the EISA LA 
addresses. The ESC uses a transparent latch to latch the decoded signal. The 


negated. Upon reset, this signal is driven negated (high). 
LBIOSCS # is latched on the falling edge of BALE and qualified with REFRESH #. 
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2.9.4 KEYBOARD CONTROLLER INTERFACE 


KYBDCS # KEYBOARD CHIP SELECT: KYBDCS # is connected to the chip select of the 82C42. 
KYBDCS # is active for |/O addresses 0060h-—0064h. 


ALTRST # ALTERNATE RESET: ALTRST # is used to reset the CPU under program control. 
This signal is AND’ed together externally with the reset signal (RSTAR #) from the 
ALTA20 : 


keyboard controller to provide a software means of resetting the CPU. This provides a 
ABFULL : 


faster means of reset than is provided by the Keyboard controller. Writing a 1 to Bit 0 
in the Port 92 register will cause this signal to pulse active (low) for approximately 4 

BCLK’s. Before another ALTRST # pulse can be generated, Bit 0 must be written back 
to a 0. Upon RESET, this signal is driven high (Bit 2 in the Port 92 register is reset low). 


ALTERNATE A20: ALTA20 is used to force A20M # to the CPU low for support of real 
mode compatible software. This signal is externally OR’ed with the ALTA20 signal 
from the Keyboard controller and CPURST to control the A20M # input of the CPU. 
Writing a ‘“‘O” to Bit 1 of Port 92h register will force ALTA20 inactive (low). This in turn 
will drive A20M # to the CPU low, if AZOGATE from the keyboard controller is also low. 
Writing a “1” to Bit 1 of the Port 92h register will force ALTA20 active (high), which in 
turn will drive A20M # to the CPU high, regardless of the state of ALTA20 from the 
keyboard controller. Upon reset, this signal is driven low. 


AUXILIARY BUFFER FULL: ABFULL is tied directly to the ABFULL signal on the 
keyboard controller on the system board. This signal indicates that the keyboard 
controller auxiliary buffer for the mouse interface is full. If the Mouse Interrupt Function 
bit (offset 4Dh bit 4) is enabled, then the ABFULL signal is connected to the internal 
IRQ12 (IRQ12 is also available for external use). On a low to high transition on 
ABFULL the internal IRQ12 is asserted (the internal IRQ12 transitions from low to high 
if the IRQ12 in the Interrupt controller is programmed for edge triggered mode, the 
internal IRQ12 is asserted low if the IRQ12 in the interrupt controller is programmed 
for level triggered mode. A low to high transition on ABFULL will be latched by the 
ESC. This high level will remain latched internally until an 1/O read to port 60h (falling 
edge of IORC #) or reset (RESET #) has been detected. If this function is not used, 
ABFULL should be tied low through a 1k resistor. 
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2.9.5 REAL TIME CLOCK INTERFACE 


Pin inti | 
8 


RTCALE i REAL TIME CLOCK ADDRESS LATCH ENABLE: RTCALE is directly connected to 


address that will be written to or read from will cause RTCALE to go active. 


REAL TIME CLOCK READ COMMAND /PCI INTERRUPT REQUEST 3: When 
functioning as RTCRD #, this signal is asserted for |/O reads from address 007 th. If 
the Power On Password protection is enabled (I/O Port 92h bit 3= 1), then for 
accesses to RTC addresses 36h-3Fh (Port 70h) RTCRD # will not be asserted. 


See Section 3.1.3, Mode Select Register Description, for details on alternative 
function of this signal. 


the system Real Time Clock. The RTC uses this signal to latch the appropriate 
memory address. A write to port 070h with the appropriate Real Time Clock memory 
RTCRD# 
/PIRQ3# 


NOTE: 
External pull-up resistor (10 KQN-20 KQ) must be added to this signal to support 
alternative function i.e., PIRQ3#. 


REAL TIME CLOCK WRITE COMMAND/PCI INTERRUPT REQUEST 2: When 
functioning as RTCWR #, this signal is also asserted for |/O writes to address 
007 1h. If the Power On Password protection is enabled (I/O Port 92h bit 3 = 1), 
then for accesses to RTC addresses 36h-3Fh (Port 70h), RTCWR # will not be 
generated. 


See Section 3.1.3, Mode Select Register Description, for details on alternative 
function of this signal. 


RTCWR# 
/PIRQ2# 


NOTE: 
External pull-up resistor (10 KQ-—20 KQ) must be added to this signal to support 
alternative function, i.e., PIRQ2#. 
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2.9.6 FLOPPY DISK CONTROLLER INTERFACE 


Fe Cn ee ae 


FDCCS # t/s FLOPPY DISK CONTROLLER CHIP SELECT/PCI INTERRUPT REQUEST 1: This 
/PIRQ1# signal pin has a dual function. As FDCCS #, it is an active low output signal asserted 
for |/O decode of the floppy disk I/O register space. When functioning as FDCCS #, 
this signal is also asserted whenever IDECS1 # is decoded. 


See Section 3.1.3, Mode Select Register Description, for details on alternative 
function of this signal. 


NOTE: 
External pull-up resistor (10 KQ-—20 K©) must be added to this signal to support 
alternative function i.e., PIRQ1#. 


DSKCHG DISK CHANGE: DSKCHG signal is tied directly to the DSKCHG signal of the floppy 
controller. This signal is inverted and driven onto system data line 7 (SD7) during 
|/O read cycles to floppy address locations 3F7h (primary) or 377h (secondary) as 
indicated by the table below. 

NOTE: 
The primary and secondary locations are programmed in the 
X-Bus Address Decode Enable/Disable Register ‘‘A’’. 
Decode Decode 
Enabled Enabled Tri-stated Enabled 
Enabled Disabled Driven via DSKCHG Disabled 
Disabled Enabled Tri-stated Disabled (note) 
Disabled Disabled Tri-stated Disabled 
NOTE: 
This mode is not supported because of potential contention 
between the X-Bus buffer and a floppy on the ISA bus 
driving the system bus at the same time during shared I/O 
: accesses. 
This signal is also used to determine if the floppy controller is present on the X-Bus. 
It is sampled on the trailing edge of RESET, and if high, the floppy is present. For 
systems that do not support a floppy via the ESC, this pin should strapped low. If 
sampled low, the SD7 function, and XBUSOE # will not be enabled for accesses to 


the floppy disk controller. 


FIXED DISK ACTIVITY LIGHT/PCI INTERRUPT REQUEST 0: This signal pin has 
a dual function. As DLIGHT #, it is used to control the fixed disk X light. When low, 
the light is on. When high, the light is off. If either Bit 6 or Bit 7 of the Port 92 register 
is set to a 1 (Bit 6 and 7 are internally NOR’ed together), DLIGHT # is driven active 
(low). Setting both Bits 6 and 7 low will cause DLIGHT # to be driven high. 


See Section 3.1.3., Mode Select Register Description, for details on alternative 
function of this signal. 


DLIGHT # t/s 
/PIRQO # 


NOTE: 
An external pull-up resistor (10 KQ-—20 KQ) must be added to this signal to support 
alternative function, i.e., PIRQ0#. 
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2.9.7 CONFIGURATION RAM INTERFACE 


Pin noe 


CRAMRD # CONFIGURATION RAM READ COMMAND: CRAMRD # is connected directly to 
the system Configuration RAM. The ESC asserts CRAMRD # for I/O reads from 
the address range programmed into the low and high bytes of the configuration 


RAM command registers. 
CRAMWR# oe 


2.9.8 X-BUS CONTROL AND GENERAL PURPOSE DECODE 


Pin 


XBUSTR# out X-BUS DATA TRANSMIT/RECEIVE: This signal is tied directly to the direction 
control of a 74F245 that buffers the X-Bus data, XD[7:0], from the system data 
bus, SD[7:0]. XBUST/R # is driven high (transmit) during |/O and memory read 
cycles for EISA and ISA masters. For DMA cycles (channel 2 only), XBUST/R# 
is driven high for the following cases: 

1. Memory Read, I/O Write cycles where LBIOSCS # is asserted. 

2. |/O Read, Memory Write cycles where Digital Output Register bit 3 is set to 
. ser ats 

XBUST/R # is driven low (receive) under all other conditions. 


XBUSOE # out X-BUS DATA OUTPUT ENABLE: This signal is tied directly to the output 
enable of a 74F245 that buffers the X-Bus data, XD[7:0], from the system data 
bus, SD[7:0]. 

For EISA and ISA master memory read or write cycles, XBUSOE # is asserted 

_| when LBIOSCS # is asserted. Otherwise, XBUSOE # is not asserted. 
For EISA and ISA master I/O read or write cycles, XBUSOE # is asserted if an 
ESC supported X-Bus device has been decoded, and the decoding for that 
device has been enabled via the proper configuration registers. An exception to 
this is during an I/O read access to floppy location 3F7h (primary) or 377h 
(secondary) if the IDE decode space is disabled (i.e., IDE is not present on the 
X-Bus). In this case, XBUSOE # will not be asserted. XBUSOE # will also not be 
asserted during an |/O access to the floppy controller if DSKCHG is sampled 
low at reset. 
XBUSOE # is not asserted during DMA cycles, except for channel 2 DMA. For 
channel 2 DMA, XBUSOE # is asserted unless the Digital Output Register bit 3 


is cleared (set to “O’”’) and LBIOSCS # is not asserted. 


GPCS[2:0] #/ These are dual function signals. The function of these pins is selected through 
ECS[2:0] the Mode Select Register bit 4. 
GENERAL PURPOSE CHIP SELECT: GPCS[2:0] # are Chip Selects for 
peripheral devices. The peripheral devices can be mapped in the I/O range by 
programming the General Purpose Chip Select Base Address registers and 
General Purpose Mask registers (offset 64h-6Eh). 
ENCODED CHIP SELECT: ECS[2:0] provide encoded chip select decoding for 
serial ports, parallel port, IDE and general purpose devices. The device chip 
selects for the peripheral devices are generated by using a F138 with ECS[2:0] 
as inputs. 


Refer to Section 11.9 for details. 
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CONFIGURATION RAM WRITE COMMAND: This is an active Low output. 
CRAMWR # is connected directly to the system Configuration RAM. The ESC 

activates CRAMWR # for I/O writes to the address range programmed into the 
low and high bytes of the configuration RAM command registers. 


NOTE: 


TEST: TEST # is used to tristate all of the outputs. During normal operation this pin 
should be tied to ground. 


82374EB 


All pins designated as NC (No Connect) require individual pull-up resistors (BK-10 KN). 


3.0 ESC REGISTER DESCRIPTION 


The ESC contains ESC configuration registers, DMA 
registers, Timer Unit registers, Interrupt Unit regis- 
ters, and EISA configuration registers. All of the reg- 
isters are accessable from the EISA bus. During a 
reset the ESC sets its internal registers to predeter- 


mined default states. The default values are indicat- 


ed in the individual register descriptions. 


3.1 ESC Configuration Registers 


ESC configuration registers are accessed through 
an indexing scheme. The index address register is 
located at |/O address 0022h, and the index data 
register is located at I/O address 0023h. The offset 
(data) written into the index address register selects 
the desired configuration register. Data for the se- 
lected configuration register can be read from or 
written to by performing a read or a write to the index 
data register. See Table 4-3 for a summary of config- 
uration register index addresses. 


7 


3.1.1 ESCID—ESC ID REGISTER 


Register Name: ESC ID 
Register Location: 02h 
Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


Since the ESC configuration registers are accessed 
by the index addressing mechanism using I/O Ports 
22h, and 23h, it is possible that another device in the 
system might use the same approach for configura- 
tion. In order to avoid contention with similar index 
register devices, the ID register must be written with 
OFh. The ESC will not respond to accesses to any 
other configuration register until the ID byte has 
been written in the ESC ID Register. 


0 Bit 


ESC ID Byte(RO) 
A value of OFh enables access to 
ESC configuration registers 


290476-3 


Figure 3-1. ESC ID Register 


Table 3-1. ESC ID Register 


except this register, are disabled. 


Description 


ESC ID BYTE: These bits must be written to a value of OFh before the ESC will respond to any 
other configuration register access. After a reset has occurred all of the configuration registers, 
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3.1.2 RID—REVISION ID REGISTER This 8-bit register contains device stepping informa- 
tion. Writes to this register have no effect. 


ah 
oe 


a 


Register Name: _— Revision ID 
Register Offset: 08h 


Default Value: Revision Identification Number 
Attribute: Read only 
Size: 8 bits 


Bit 


Revision ID Byte(RO) 
290476-4 


Figure 3-2. Revision ID Register 


Table 3-2. Revision ID Register 


REVISION ID BYTE: These bits contain the stepping information about the device. The register is 
hardwired during manufacturing. The register is read only. Writes have no affect on the register 
value. | 


3.1.3 MS—MODE SELECT REGISTER This register selects the various functional modes of 
the ESC. 


Register Name: Mode Select 
Register Location: 40h 

Default Value: 20h 
Attribute: Read/Write 
Size: _ 8 bits 


' PIRQx# Mux/Mapping Control 
MREQ[7:4]#/PIRQ[3:0]# Enable See description and table below 
1 = MREQ[7:4]#/PIRQ([3:0]# enabled 
0 = MREQ{7:4]#/PIRQ[3:0]# disabled 


Configuration Ram Address (F P 
1=Enabled System Error (R/W) 
0=Disabled 1 = SERR# generated NMI enabled 
General Purpose 0 = SERR# generated NMI disabled and clear 
Chip Selects (R/W) 
1=ECS[2:0] pins enabled 
0=GPCS[2:0]# pins enabled 


290476-5 


Figure 3-3. Mode Select Register 
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Table 3-3. Mode Select Register 


MREQ([7:4] # /PIRQ([3:0] # ENABLE: This bit is used to enable the selected MREQ[7:4] #/ 
PIRQ[3:0] # functionality. The default value for this bit is 0. 


CONFIGURATION RAM ADDRESS: This bit is used to enable or disable the Configuration RAM 
Page Address (CPG[4:0]) generation. If this bit is set to 1, accesses to the Configuration RAM 
space will generate the RAM page address on the LA[31:27] # pins. If this bit is set to 0, the 
CPG[4:0] signals will not be activated. The default for this bit is “1”. 


GENERAL PURPOSE CHIP SELECTS: This bit is used to select the functionality of the 
GPCS[2:0] #/ECS[2:0] pins. If the bit is set to 0, the GPCS[2:0] # functionality is selected. If the 
bit is set to 1, the ESC[2:0] functionality is selected. 


SYSTEM ERROR: This bit is used to disable or enable the generation of NMI based on SERR # 
signal pulsing active. | 


PIRQx # MUX/MAPPING CONTROL: These bits select muxing/mapping of PIRQ([3:0] # with 
MREQ[7:4] # and group of X-Bus signals (DLIGHT #, FDCCS #, RTCWR#, RTCRD #). Different 
bit combinations select the number of EISA slots or group of X-Bus signals which can be 
supported with the certain number of PIRQx# signals by determining the functionality of pins: 

AEN[4:1]/EAEN[4:1] 

MACK[3:0] #/EMACK[3:0] 

MREQ[7:4] #/PIRQ[3:0] # 

DLIGHT #/PIRQO # 

FDCCS #/PIRQ1 # 

RTCWR #/PIRQ2# 

RTCRD#/PIRQ3# 


For details see Table 3-4. 
Default = 000b 


Table 3-4. PIRQx# Mux/Mapping Control 


Signal Function 
ga MACK[3:0] #/ RTCWR#/|RTCRD#/ 
EAENI4:1]#|EMACK(3:0] |PIRQ(0:3]4 |PIRQ0¢ |PIRQ1# |PIRQ2# |PIRQ3# 
ooo EAENI4:1] #| EMACKIS:0] # 
EMACK(3:0] # PIRQ1 # RTCRD# 
eas ) 
Rh i rake! 


010 EAENI4:1] #|EMACK(3:0] #|MREQI7:4]# |PIRQO# |FDDCS# |RTCWR# |RTCRD# 
O11 EAEN([4:1] # |EMACK(3:0] #|MREQI7:4]# |DLIGHT# |FDDCS# |RTCWR# |RTCRD# 
100 | AENI4:1] | MACK[3:0]# |PIRQ[0:3]# |DLIGHT# |FDDCS# |RTCWR# |RTCRD# 


101 EAEN[4:1] # | EMACK[3:0] # | PIRQO#, DLIGHT# |FDDCS# |RTCWR# |RTCRD# 
PIRQ1#, 
MREQ5#, 
MREQ4 # 

110 EAEN[4:1] # | EMACK[3:0] # | PIRQO#, DLIGHT# |FDDCS# |RTCWR# |RTCRD# 
MREQ6#, 
MREQ5#, 
MREQ4 # 


441 | EAENI4:1] # |EMACK[3:0] #| MREQI7:4]# |DLIGHT# |FDDCS# |RTCWR# |RTCRD# 
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3.1.4 BIOSCSA—BIOS CHIP SELECT The LBIOSCS# signal is used to decode access to 
REGISTER the motherboard BIOS. The ESC decodes memory 
access to the following address ranges, and if the 
Register Name: BIOS Chip Select A range has been enabled the LBIOSCS# signal is 
+o always asserted for memory reads in the enabled 
PARI Re rebrnt Per Se 3 BIOS range. If the BIOS Write Enable bit is set in the 
Default Value: = 10h, Oh configuration register BIOSCSB, the LBIOSCS# is 
Attribute: Read/Write also asserted for memory write cycles. 
Size: 8 bits 


Reserved Low BIOS 1 (R/W) 


1=Enabled 
Enlarged BIOS (R/W) 0=Disabled 


1=Enabled 
0=Disabled 


Low BIOS 2 (R/W) 


High BIOS (R/W) 1=Enabled 
1=Enabled 0=Disabled 


O0=Disabled 
Low BIOS 3 (R/W) 
1=Enabled 
O=Disabled 


Low BIOS 4 (R/W) 
1=Enabled 


0=Disabled 
290476-6 


Figure 3-4. BIOSCSA Register 
Table 3-5. BIOSCSA Register 


ki Se a eR EOC: Tae 


be ENLARGED BIOS: During Memory access to locations FFF80000h-FFFDFFFFh with this bit set, 


LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # 
will be asserted for write cycles as well. 


HIGH BIOS: During Memory access to locations OFOOOOh-OFFFFFh, FFOO0Oh-FFFFFFh, 
FFFFOOOOh-—FFFFFFFFh with this bit set, LBIOSCS # will be asserted for memory read cycles. If 
bit 3 of BIOSCSB is set, then LBIOSCS # will be asserted for write cycles as well. 


LOW BIOS 4: During Memory access to locations OECOOOh-OEFFFFh, FFEECO00h- 
FFEEFFFFh, FFFECOOOh-FFFEFFFFh with this bit set, LBIOSCS # will be asserted for memory 
read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # will be asserted for write cycles as well. 


LOW BIOS 3: During Memory access to locations OE8000h-OEBFFFh, FFEE8000h- 
FFEEBFFFh, FFFE8000h-FFFEBFFFh with this bit set, LBIOSCS # will be asserted for memory 
read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # will be asserted for write cycles as well. 
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Table 3-5. BIOSCSA Register (Continued) 


LOW BIOS 2: During Memory access to locations O0E4000h-0E7FFFh, FFEE4000h- 
FFEE/7FFFh, FFFE4000h-FFFE7FFFh with this bit set, LBIOSCS # will be asserted for memory 


read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # will be asserted for write cycles as well. 


LOW BIOS 1: During Memory access to locations OEQ000h-OE3FFFh, FFEEQOO0h- 
FFEE3FFFh, FFFEQOOOh-FFFESFFFh with this bit set, LBIOSCS # will be asserted for memory 
read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # will be asserted for write cycles as well. 


3.1.5 BIOSCSB—BIOS CHIP SELECT The LBIOSCS# signal is used to decode access to 
REGISTER the motherboard BIOS. The ESC decodes memory 
access to the following address ranges, and if the 1 
Register Name: BIOS Chip Select B range has been enabled the LBIOSCS# signal is 
Register Location: 42h, 43h always asserted for memory reads in the enabled 
ad “ BIOS range. If the BIOS Write Enable bit is set in the 
Default Value: 10h, 00h configuration register BIOSCSB, the LBIOSCS# is 
Attribute: Read/Write also asserted for memory write cycles. 
Size: 8 bits 


Reserved Low VGA BIOS (R/W) 
1=Enabled — 

BIOS Write Enable (R/W) 0=Disabled 

1=Enabled 


0=Disabled High VGA BIOS (R/W) 
16 Meg BIOS (R/W) 1=Enabled 
1=Enabled — 0=Disabled 


0=Disabled 
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Figure 3-6. BIOSCSB Register 
Table 3-6. BIOSCSB Register 


ae Description 


BIOS WRITE ENABLE: When enabled LBIOSCS # is asserted for memory read AND write cycles 
for addresses in the decoded and enabled BIOS range, otherwise LBIOSCS # is asserted for 
memory read cycles ONLY. 


16 MEG BIOS: During Memory access to locations FFOOOOh-FFFFFFh with this bit set, 
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # 


will be asserted for write cycles as well. 


HIGH VGA BIOS: During Memory access to locations O0C4000h-0C7FFFh with this bit set, 
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # 
will be asserted for write cycles as well. 


LOW VGA BIOS: During Memory access to locations OCO000h-OC3FFFh with this bit set, 
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set, then LBIOSCS # 
will be asserted for write cycles as well. 
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3.1.6 CLKDIV—EISA CLOCK DIVISOR This register is used to select the integer value used 

REGISTER to divide the PCI clock (PCICLK) to generate the 
EISA Bus Clock (BCLK). In addition, the register pro- 

Register Name: — EISA Clock Divisor vides a bit to enable/disable the ABFULL function, 

Register Location: 4Dh and a bit to enable/disable the co-processor error 

Default Value: xx00x000b A Sac 

Attribute: Read/Write 

Size: 8 bits 


Default. 


Clock Divisor (R/W) 
000 = 4 (33.33Mhz) 


Co-processor Error (R/W) 001 = 3 (25Mhz) 


1=Enabled 010 = Reserved 
O0=Disabled Reserved 011 = Reserved 
Mouse Interrupt (R/W) 1xx = Reserved 
1=Enabled 
O0=Disabled 
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Figure 3-6. EISA Clock Divisor Register 


Table 3-7. EISA Clock Divisor Register 
Description 


CO-PROCESSOR ERROR: The state of this bit determines if the FERR# signal is connected to 
the ESC internal |RQ13 interrupt signal. If this bit is set to ‘1’, the ESC will assert IRQ13 to the 
interrupt controller if FERR # signal is asserted. If this bit is set to “0”, then the FERR# signal is 
ignored by the ESC (i.e., this signal is not connected to any logic in the ESC). 


MOUSE INTERRUPT: The state of this bit determines if the ABFULL signal is connected to the 
ESC internal |RQ12 interrupt signal. If this bit is set to “1”, a low to high transition on the ABFULL 
signal will generate interrupt on the IRQ12 signal. If this bit is set to “0”, then the ABFULL signal is 
ignored by the ESC (i.e., this signal is not connected to any logic in the ESC). 


CLOCK DIVISOR: These bits are used to select the integer that is used to divide the PCICLK 
down to generate the BCLK. Upon reset, these bits are set to 000b (divisor or 4). 


| Divisor | BCLK | 


4 (33.33 MHz) | 8.33 MHz 
3 (25 MHz) 8.33 MHz 
Reserved 
Reserved 
Reserved 
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3.1.7 PCSA—PERIPHERAL CHIP SELECT A This register is used to enable or disable accesses 
REGISTER to the RTC, Keyboard Controller, Floppy Disk con- 
troller, and IDE. Disabling any of these bits will pre- 

Register Name: __ Peripheral Chip Select A vent the chip select and X-Bus transceiver control 


signal (XBUSOE #) for that device from being gener- 


Register Location: 4Eh 
9 ated. This register is also used ‘to select which ad- 


Default Value: xx000111b dress range (primary or secondary) will be decoded 
Attribute: Read/Write for the resident floppy controller and IDE. It also 
Size: 8 bits allows control of where keyboard controller is 


physically located (X-Bus or elsewhere). This in- 
sures that there is no contention with the X-Bus 
transceiver driving the system data bus during read 
accesses to these devices. 


Bit 
Default 


Reserved RTC Decode (R/W) 


Keyboard Controller Mapping 1=Enabled 
1= Keyboard Controller location on X-Bus 0=Disabled 
0 = Keyboard Controller not located 
on X-Bus Keyboard Controller Decode (R/W) 
1=Enabled 
0=Disabled 


Floppy Disk and IDE (R/W) 


1=Secondary address space Floppy Disk Decode (R/W) 
O=Primary address space (3F2h-3F7h) or (372h -377h) 


IDE Decode (R/W) cm eah 
1=Enabled =VIsSable 


0=Disabled : Floppy Disk Decode (R/W) 
(8FOh-3F 1h) or (370h-37 1h) 
1=Enabled 
0=Disabled 
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Figure 3-7. PCSA Register 


: . 1-257 


82374EB | j ntel : 


Table 3-8. PCSA Register 


KEYBOARD CONTROLLER MAPPING: 

0 = keyboard controller mapped to the X-Bus 

1 = keyboard controller not mapped to the X-bus 

DEFAULT = 0 

When bit is ‘‘0”’, the Keyboard Controller encoded chip-select signal and the X-Bus transceiver 
enable (XBUSOE #) will be generated for accesses to address locations 60h, 62h, 64h and 66h. 
When bit is a “1”, the Keyboard Controller chip-select signals will be generated for accesses to 
address locations 60h, 62h, 64h and 66h, but the X-Bus transceiver (XBUSOE #) will be disabled. 
Bit 1 must be a “1” for either value of this configuration bit to decode an access to locations 60h, 
62h, 64h, and 66h. 


FLOPPY DISK AND IDE, FLOPPY DISK DECODES: Bits 2 and 3 are used to enable or disable 
the floppy locations as indicated. Bit 2 defaults to enabled (1) and bit 3 defaults to disabled (0) 
when a reset occurs. Bit 5 is used to select between the primary and secondary address range 
used by the Floppy Controller and the IDE. Only primary or only secondary can be programmed at 
any one time. This bit defaults to primary (0). 


The following table shows how these bits are used to select the floppy controller: 


| Address | Bit2 | Bits | Bits | DsKCHG | FDCCS# | 


X 
SFOh, 3Fih 0 


3F2h-3F7h 0 (note) 
370h, 371h 0 
372h-37Fh 0 (note) 


NOTE: 
If IDE decode is enabled, all accesses to locations O3F6h and 03F7h (primary) or 0376h and 
0377h (secondary) will result in decode for IDECS1# (FDCCS# will not be generated). An 
external AND gate can be used to tie IDECS1# and FDCCS # together to insure that the floppy is 
enabled for these accesses (refer to Figure 17-1). 


IDE DECODE: Bit 4 is used to enable or disable IDE locations 1FOh-1F7h (primary) or 170h- 
177h (secondary) and 3F6h, 3F7h (primary) or 376h, 377h (secondary). When this bit is set to 0, 
the IDE encoded chip select signals and the X-Bus transceiver signal (XBUSOE #) are not 
generated for these addresses. 


KEYBOARD CONTROLLER DECODE: Enables (1) or disables (0) the Keyboard Controller 
address locations 60h, 62h, 64h, and 66h. When this bit is set to 0, the Keyboard Controller 
encoded chip select signals and the X-Bus transceiver signal (XBUSOE #) are not generated for 
these locations. 


NOTE: 


The value of this bit will affect control function (keyboard controlling mapping) provided by bit 6 of 
the same register. 


REAL TIME CLOCK DECODE: Enables (1) or disables (0) the RTC address locations 70h-77h. 
When this bit is set to 0, the RTC encoded chip select signals RTCALE, RTCRD, RTCWR#, and 
XBUSOE # signals are not generated for these addresses. 
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3.1.8 PCSB—PERIPHERAL CHIP This register is used to enable or disable generation 

SELECT B REGISTER of the X-Bus transceiver signal (KBUSOE #) for ac- 
cesses to the serial ports and parallel port locations. 

Register Name: _—_ Peripheral Chip Select B When disabled, the XBUSOE # signal for that device 

Register Location: 4Fh will not be generated. 

Default Value: CFh 

Attribute: Read/Write 

Size: 8 bits 


Default 


CRAM Decode (R/W) Serial Port A Address Decode (R/W) 
1=Enabled (SOM1, COM2 


0=Disabled 
Serial Port B Address Decode (R/W) 


Port 92h Decode (R/W) COM1, COM2 
1=Enabled Parallel Port Decode (R/W) 
0=Disabled LPT1, LPT2, LPT3 
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Figure 3-8. Peripheral Chip Select B Register 
Table 3-9. Peripheral Chip Select B Register 


Description 


CRAM DECODE: This bit is used to enable (1) or disable (0) |/O write accesses to location OCOOh 
and I/O read/write accesses to locations 0800h-O8FFh. The configuration RAM read and write 
(CRAMRD #, CRAMWR #) strobes are valid for accesses to O800h-08FFh. 


Port 92 DECODE: This bit is used to disable (0) access to Port 92. This bit defaults to enable (1) 
at PCIRST. 


PARALLEL PORT DECODE: These bits are used to select which Parallel Port address range 
(LPT1, 2, or 3) is decoded. 


Bit5 Bit4 
0 0 — LPT1(3BCh-3BFh) 
0 1 LPT2 (378h-37Fh) 
1 0 — LPT3 (278h-27Fh) 


1 1 Disabled 


SERIAL PORT B ADDRESS DECODE: If either COM1 or COM2 address fanges are selected, 
these bits default to disabled upon PCIRST. 


Bit3 Bit2 
0 0 3F8h-3FFh (COM1) 
0 1 2F8h-2FFh (COM2) 
1 0 Reserved 


1 1 Port A disabled 


SERIAL PORT A ADDRESS DECODE: If either COM1 or COM2 address ranges are selected, 
these bits default to disabled upon PCIRST. 
Bit1  BitO 

0 0 3F8h-3FFh (COM1) 

1 2F8h-—2FFh (COM2) 
0 Reserved 

1 Port A disabled 


: 1-259 


0 
4 
1 


82374EB intel F 


3.1.9 EISAID[4:1]—EISA ID REGISTERS These 8-bit registers contain the EISA motherboard 

ID. The data in the register is reflected on the data 

Register Name: _EISA ID Register (Byte 1, Byte 2, bus for |/O cycles addressed to OC80h-0C83h re- 
Byte 3, Byte 4) spectively. 


Register Offset: 50h, 51h, 52h, 53h 
Default Value: 00h, 00h, OOh, OOh 
Attribute: Read/Write only 
Size: 8 bits 


Zz 0 ‘Bit 


EISA ID Bytes(R/W) 


Contains the Motherboard ID 
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Figure 3-9. EISA ID Registers 
Table 3-10. EISA ID Registers 


Description 


EISA ID BYTE: These bits contain the EISA Motherboard ID information. On power-up these bits 


default to OOh. These bits are written with the ID value during configuration. The value of these 
bits are reflected in I/O registers OC80h-0C83h. 
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3.1.10 SGRBA—SCATTER-GATHER RELOCATE The value programmed in this register determines 
BASE ADDRESS REGISTER the high order I/O address of the S-G registers. The 


default value is 04h. 
Register Name: S-G Relocate Base Address 


Register Location: 57h 
Default Value: 04h 
Attribute: Read/Write 
Size: 8 bits 


Bit 


Default 


S-G Relocate Byte(R/W) 
Determines byte 1 of the I/O 
address for the Scatter 


Gather Registers 
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Figure 3-10. S-G Relocate Base Address Register 


Table 3-11. S-G Relocate Base Address Register 


S-G RELOCATE BYTE: These bits determine the I/O location of the Scatter-Gather Registers. 
The Scatter-Gather register relocation range is xx10h-xx3Fh (default 0410h - 043Fh). These bits 


determine the Byte 1 of the |/O address. Address signals LA[15:8] are compared against the 
contents of this register (Bit[7:0]) to determine |/O accesses to the Scatter-Gather registers. The 
default on power-up is 04h. 


1-261 


82374EB 


== Ot 


ntel. 
These registers control the routing of PCI Interrupts 
(PIRQ[0:3] #) to the PC compatible interrupts. Each 


PCI interrupt can be independently routed to 1 of 11 
compatible interrupts. 


3.1.11 PIRQ(0:3] #—PIRQ ROUTE 
CONTROL REGISTERS 
PIRQ0#, PIRQ1#, 


Register Name: PIRQ2#, 


PIRQ3# Route Control 
Register Location: 60h, 61h, 62h, 63h 
Default Value: 80h 
Attribute: Read/Write 
Size: 8 bits : 


Default 


IRQx# Routing Bits 


Routing of Interrupts (R/W) 
1=Disabled 
O=Enabled 


Bits 
0000000 
0000001 
0000010 
000001 1 
0000100 
0000101 
0000110 
0000111 
0001000 
0001001 
0001010 
0001011 
0001100 
0001101 
0001110 
0001111 


0010000 
to 
TRyta1 


Figure 3-11. PIRQ Route Control Registers 


Table 3-12. PIRQ Route Control Register 


ROUTING OF INTERRUPTS: When enabled this bit routes the PCI Interrupt signal to the PC 
compatible interrupt signal specified in bits[6:0]. After a reset or a power-on this bit is disabled 


(set to 1). 


IRQx # ROUTING BITS: These bits specify which IRQ signal to generate when the PCI Interrupt 
for this register has been triggered. 
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IRQx# 
Reserved 
Reserved 
Reserved 
IRQ3 
IRQ4 
IRQ5 
IRQ6 
IRQ7 
Reserved 
IRQ9 
IRQ10 . 
IRQ11 
IRQ12 
Reserved 
IRQ14 
IRQ15 


Reserved 
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3.1.12 GPCSLA[2:0]—GENERAL PURPOSE 


CHIP SELECT LOW ADDRESS 
REGISTER 


Register Name: General Purpose Chip Select 


Low Address 
Register Location: 64h, 68h, 6Ch 
Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


Fd 


82374EB 


This register contains the low byte of the General 
Purpose Peripheral mapping address. The contents 
of this register are compared with the LA[7:0] ad- 
dress lines. The contents of this register, the 
GPCSHA Register and the GPCSM Register control 
the generation the GPCS[2:0]# signal or the 
ESC[2:0] signal (101, 110 combination). If Mode Se- 
lect Register (offset 40h) bit 4 = 1, offset register’ 
6Ch is ignored. 


0 Bit 


GPCS Low Address Byte(R/W) 
Compared with LA[7:0] to generate 
the GPCS[2:0]# signal 
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Figure 3-12. General Purpose Chip Select Low Address Byte Register 


Table 3-13. General Purpose Chip Select Low Address Byte Register 


GPCS LOW ADDRESS BYTE: The contents of these bits are compared with the address lines 


LA[7:0] to generate the GPCS[2:0] # signal or the ECS[2:0] combination for this register. The 
mask register (GPCSM[2:0]) determines which bits to use during the comparison. 
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3.1.13 GPCSHA[2:0]—GENERAL PURPOSE 
- CHIP SELECT HIGH ADDRESS 
REGISTER 


Register Name: General Purpose Chip Select 


High Address 
Register Location: 65h, 69h, 6Dh 
Default Value: Coh 
Attribute: Read/Write 
Size: 8 bits 


intel. 


This register contains the high byte of the General 
Purpose Peripheral mapping address. The contents 
of this register are compared with the LA[15:8] ad- 
dress lines. The contents of this register, the 
GPCSLA Register and the GPCSM Register control 
the generation the GPCS[2:0]# signal or the 
ESC[2:0] signal (101, 110 combination). If Mode Se- 
lect Register (offset 40h) bit 4 = 1, offset register 
6Dh is ignored. 


0 —iCBBit 
Default 


GPCS High Address Byte(R/W) 
Compared with LA[15:8] to generate 
the GPCS[2:0]# signal 


290476-15 


Figure 3-13. General Purpose Chip Select High Address Byte Register 


Table 3-14. General Purpose Chip Select High Address Byte Register 


Description 


GPCS HIGH ADDRESS BYTE: The contents of these bits are compared with the address lines 


LA[15:8] to generate the GPCS[2:0] # signal or the ECS[2:0] combination for this register. 
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3.1.14 GPCSM[2:0]|—GENERAL PURPOSE CHIP 
SELECT MASK REGISTER 


Register Name: General Purpose Chip Select 
Mask Register 

Register Location: 66h, 6Ah, 6Eh 

Default Value: 00h 

Attribute: Read/Write 

Size: 8 bits 


82374EB 


_ This register contains the mask bits for determining 


the address range for which the GPCSx# signals 
are generated. If a register bit is set to a 1 then the 
corresponding bit in the GPCSL register is not com- 
pared with the address signal in the generation of 
the GPCSx# signals. If Mode Select Register (offset 
40h) bit 4 = 1, offset register 6Eh is ignored. 


0 Bit 


Default 


GPCS Mask Register (R/W) 
Determines what bits to compare 
GPCSL register with LA[7:0] 
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Figure 3-14. General Purpose Chip Select Mask Register 


Table 3-15. General Purpose Chip Select Mask Register 


GPCS MASK REGISTER: The contents of these bits are used to determine which bits to compare 


GPCSLA[2:0] with the address lines LA[7:0]. A ‘‘1” bit means the bit should not be compared. 
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3.1.15 GPXBC—GENERAL PURPOSE 
PERIPHERAL X-BUS CONTROL 
REGISTER 


Register Name: General Purpose Peripheral 


X-Bus Control 
Register Location: 6Fh 


Default Value: xxxx xO00b 
Attribute: Read/Write 
Size: 8 bits 


Reserved 


XBUSOE# Generation for GPCS2# (R/W) 
1=Enabled 
0=Disabled 


) , a ai ~ Fi 
‘ 
F ‘ 
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The register controls the generation of the X-Bus 
buffer output enable (XBUSOE #) signal for 1/O ac- 
cesses to the peripherals mapped in the General 
Purpose Chip Select address decode range. This 
register determines if the General Purpose Peripher- 
al is placed on the X-Bus or not. If the General Pur- — 
pose Peripheral is on the X-Bus, then the corre- 
sponding bit is set to “1’’. Otherwise the bit is set to 
7". 


XBUSOE# Generation for GPCS0# (R/W) 
1=Enabled 
0=Disabled 


XBUSOE# Generation for GPCS1# (R/W) 
1=Enabled 
0O=Disabled 
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Figure 3-15. General Purpose Peripheral X-Bus Control Register 


Table 3-16. General Purpose Peripheral X-Bus Control Register 


:°3 

2 
when GPCS2 # is generated. 

1 
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| 7:3 | RESERVED. 


’XBUSOE # GENERATION FOR GPCS2#: When this bit is enabled XBUSOE # will be generated 


f 
XBUSOE # GENERATION FOR GPCS1#: When this bit is enabled XBUSOE # will be generated 
when GPCS‘1 # is generated. 
XBUSOE # GENERATION FOR GPCS0#: When this bit is enabled XBUSOE # will be generated - 
when GPCS0 # is generated. 
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3.1.16 TEST CONTROL REGISTER 


Register Name: — Test Control Register 
Register Location: 88h 

Default Value: 00h 

Attribute: Read/Write 

Size: 8 bits 


This register provides control for ESC manufacturing 
test modes. The functionality of this register is re- 
served. 


3.2 DMA Register Description 


The ESC contains DMA circuitry that incorporates 
the functionality of two 82C37 DMA controllers 
(DMA1 and DMA2). The DMA registers control the 
operation of the DMA controllers and are all accessi- 
ble from the EISA Bus. This section describes the 
DMA registers. Unless otherwise stated, a reset sets 
each register to its default value. The operation of 
the DMA is further described in Chapter 6.0, DMA 
Controller. 


DACK# Assert Level (R/W) 
1=Active High 
O=Active Low 


DREQ Sense Assert Level (R/W) 
1=Active Low 
O=Active High 


Reserved 
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3.2.1 DCOM—COMMAND REGISTER 


Register Name: DMA Command 


Register Location: 08h—Channels 0-3 
ODOh—Channels 4-7 


Default Value: O00000000b 
Attribute: Write Only 
Size: * 8 bits 


This 8-bit register controls the configuration of the 
DMA. It is programmed by the microprocessor in the 
Program Condition and is cleared by reset or a Mas- 
ter Clear instruction. Note that disabling Channels 
4-7 will also disable Channels 0-3, since Channels 
0-3 are cascaded onto Channel 4. The DREQ and 
DACK# channel assertion sensitivity is assigned by 
channel group, not per individual Channel. For priori- 
ty resolution the DMA consists of two logical chan- 
nel groups—Channels O-3 (Controller 1—-DMA‘1) 
and Channels 4-7 (Controller 2—DMA2). Both 
groups may be assigned fixed priority, one group 
can be assigned fixed priority and the second rotat- 
ing priority, or both groups may be assigned rotating 
priority. A detailed description of the channel priority 
scheme is found in the DMA functional description, 
Section 6.5. Following a reset or DMA Master Clear, 
both DMA-1 and DMA-2 are enabled in fixed priority, 
the DREQ sense level is active high, and the 
DACK# assertion level is active low. 


Default 


Reserved 


DMA Channel Group Enable (R/W) 
1=Disabled 
O=Enabled 


Reserved 


DMA Group Arbitration (R/W) 
1=Rotating Priority 
.O=Fixed Priority 
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Figure 3-16. DMA Command Register 
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Table 3-17. DMA Command Register 


DACK # ASSERT LEVEL: Bit 7 controls the DMA channel request acknowledge (DACK #) 
assertion level. Following reset, the DACK # assertion level is active low. The low level indicates 
recognition and acknowledgement of the DMA request to the DMA slave requesting service. 
Writing a 0 to Bit 7 assigns active low as the assertion level. When a 1 is written to this bit, a high 
level on the DACK # line indicates acknowledgement of the request for DMA service to the DMA 


DREQ SENSE ASSERT LEVEL: Bit 6 controls the DMA channel request (DREQ) assertion detect 
level. Following reset, the DREQ sense assert level is active high. In this condition, an active high 
level sampled on DREQ is decoded as an active DMA channel request. Writing a 0 to Bit 6 
assigns active high as the sense assert level. When a 1 is written to this bit, a low level on the 
DREQ line is decoded as an active DMA channel request. 


DMA GROUP ARBITRATION: Each channel group is individually assigned either fixed or rotating 
arbitration priority. At reset, each group is initialized in fixed priority. Writing a 0 to Bit 4 assigns 
fixed priority to the channel group, while writing a 1 assigns rotating priority to the group. 


DMA GROUP ENABLE: Writing a 1 to this bit disables the DMA channel group, while writing a 0 
to this bit enables the DMA channel group. Both channel groups are enabled following reset. 
Disabling Channel group 4-7 also disables Channel group 0-3, which is cascaded through 


Channel 4. 
3.2.2 DCM—DMA CHANNEL MODE REGISTER Each channel has a 6-bit Mode register associated 
with it. The Mode registers provide control over DMA 
Register Name: | DMA Channel Mode Transfer type, transfer mode, address increment/ 
Register Location: 0Bh—Channels 0-3 decrement, and autoinitialization. When writing to 
OD6h—Channels 4-7 the register, Bits [1:0] determine which channel’s 


Mode register will be written and are not stored. 
Default Value: 000000xxb Only Bits [7:2] are stored in the mode register. This 
Attribute: Write Only register is set to the default value upon reset and 
Size: 6 bits Master Clear. Its default value is Verify transfer, Au- 
toinitialize disable, Address increment, and Demand 
mode. Channel 4 defaults to cascade mode and 
cannot be programmed for any mode other than 
cascade mode. 


DMA Transfer Mode DMA Channel Select 
00 = Demand Mode 00 = Channel 0 or 4 
01 = Single Mode 01 = Channel 1 or 5 
10 = Block Mode 10 = Channel 2 or 6 
11 = Cascade Mode 11 = Channel 3 or 7 


Address Increment/Decrement Select DMA Transfer Type 
1 = Decrement 00 = Verify Transfer 
O = Increment 01 = Write Transfer 


Autoinitialize 
1 = Enabled 
0 = Disabled 


10 = Read Transfer 
11 = Illegal 
xx = if bits 6 and 7 are 1 
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Figure 3-17. DMA Channel Mode Register 
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Table 3-18. DMA Channel Mode Register 


DMA TRANSFER MODE: Each DMA channel can be programmed in one of four different modes: 
single transfer, block transfer, demand transfer and cascade. 
Bit7 Bit6 Transfer Mode 

0 0 Demand mode 

0 1 Single mode 

1 0 Block mode 

1 1 Cascade mode 


ADDRESS INCREMENT/DECREMENT SELECT: Bit 5 controls address increment/decrement 
during multi-byte DMA transfers. When bit 5 = 0, address increment is selected. When bit 5 = 1, 
address decrement is selected. Address increment is the default after a PCIRST # cycle or 
Master Clear command. 


AUTOINITIALIZE ENABLE: When bit 4 = 1, the DMA restores the Base Page, Address, and 
Word count information to their respective current registers following a terminal count (TC). When 
bit 4 = 0, the autoinitialize feature is disabled and the DMA does not restore the above mentioned 
registers. A PCIRST # or Master Clear disables autoinitialization (sets bit 4 to 0). 


DMA TRANSFER TYPE: Verify, write and read transfer types are available. Verify transfer is the 


default transfer type upon PCIRST # or Master Clear. Write transfers move data from an I/O 
device to memory. Read transfers move data from memory to an I/O device. Verify transfers are 
pseudo transfers; addresses are generated as in a normal read or write transfer and the device 
responds to EOP etc. However, with Verify transfers, the ISA memory and |/O cycle lines are not 
driven. Bit combination 11 is illegal. When the channel is programmed for cascade ([7:6] = 11) 
the transfer type bits are irrelevant. 


Bit3 Bit2 Transfer Type 
0 0 Verify transfer 
0 1 Write transfer 
1 0 Read transfer 
1 1 Illegal 


DMA CHANNEL SELECT: Bits [1:0] select the DMA Channel Mode Register that will be written 
by bits [7:2]. 
Bit1 BitoO Channel 

0 0 Channel 0 (4) 

0 1 Channel 1 (5) 

1 0 Channel 2 (6) 

1 1 Channel 3 (7) 
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3.2.3 DCEM—DMA CHANNEL EXTENDED 
MODE REGISTER 
Register Name: DMA Channel Extended Mode 


Register Location: 040Bh—Channels 0-3 
04D6h—Channels 4-7 


Default Value: 000000xxb 
Attribute: Write Only 
Size: 6 bits 


Each channel has a 6-bit Extended Mode register 
associated with it. The register is used to program 
the DMA device data size, timing mode, EOP input/ 
output selection, and Stop register selection. When 
writing to the register, Bits [1:0] determine which 
channel’s Extended Mode register will be written 
and are not stored. Only Bits [7:2] are stored in the 
extended mode register. Four timing modes are 
available: ISA-compatible, A, B, and Burst. 


EOP Input/Output(WO) 
1 = Input 
O = Output 


Stop Register(WO) 


1 = Enabled 
0 = Disabled 


DMA Cycie Timing Mode(WO) 
00 = Compatible Timing 
01=TypeA 

10 = Type B 

11 = Type C (Burst) 


* 


intel. 


_ The default bit values for each DMA group are se- 


lected upon reset. A Master Clear or any other pro- 
gramming sequence will not set the default register 
settings. The default programmed values for DMA1 
Channels 0-3 are 8-bit |/O Count by Bytes, Compat- 
ible timing, and EOP output. The default values for 
DMA2 Channels 4-7 are 16-bit |/O Count by Words 
with shifted address, Compatible timing, and EOP 
output. These default settings provide a rigorous 
ISA-compatible DMA implementation. 


NOTE: 
DMA1/DMA2 refer to the original PC-AT implemen- 
tation which used two discrete 8237 DMA control- 
lers. In this context, DMA1 refers to DMA Channels 
0-3 and DMA2 refers to DMA Channels 4-7. The 
PC-AT used Channel 4 (Channel 0 of DMA2) as a 
cascade channel for DMA1. Consequently, Channel 
4 is not used in compatible DMA controllers al- 
though the compatible DMA registers are kept to 
maintain compatibility with the original PC-AT. Be- 
cause Channel 4 is not used, the DMA controller 
does not support extended registers for Channel 4. 


Default 


DMA Channel Select(WO) 
00 = Channel 0 or 4 
01 = Channel 1 or 5 
10 = Channel 2 or 6 
11 = Channel 3 or 7 


Addressing Mode(WO) 

00 = 8-bit I/O, count by bytes 

01 = 16-bit I/O, count by words 
10 = 32-bit I/O, count by bytes 
11 = 16-bit I/O, count by bytes 
(Defaults: DMA1=00, DMA2=01) 
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Figure 3-18. DMA Channel Extended Mode Register 
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Table 3-19. DMA Channel Extended Mode Register 


EOP INPUT/OUTPUT: Bit 7 of this register selects whether or not the Stop registers associated 
with this channel are to be used. Normally the Stop Registers will not be used. This function was 
added to help support data communication or other devices that work from a ring buffer in 
memory. Upon reset, the Bit 7 is set to ‘‘0’’-Stop register disabled. The detailed Stop register 
functional description discusses the use of the Stop registers. 


STOP REGISTER: Bit 6 of the Extended Mode register selects whether the EOP signal is to be 
used as an output during DMA on this channel or an input. EOP will generally be used as an 
output, as was available on the PCAT. The input function was added to support Data 
Communication and other devices that would like to trigger an autoinitialize when a collision or 
some other event occurs. The direction of EOP is switched when DACK is changed (when a 
different channel wins the arbitration and is granted the bus). There may be some overlap of the 
ESC driving the EOP signal along with the DMA slave. However, during this overlap both devices 
will be driving the signal to a low level (negated). For example, assume Channel 2 is about to go 
inactive (DACK negated) and channel 1 is about to go active. If Channel 2 is programmed for 
“EOP OUT” and Channel 1 is programmed for ‘EOP IN’, when Channel 2’s DACK is negated 
and Channel 1’s DACK is asserted, the ESC may be driving EOP to a low value on behalf of 
Channel 2 at the same time the device connected to Channel 1 is driving EOP in to the ESC, also 
at an inactive level. This overlap will only last until the ESC EOP output buffer is tri-stated, and will 
not effect the DMA operation. Upon reset, the value of Bit 6 is O (EOP output selected). 


DMA CYCLE TIMING MODE: The ESC supports four DMA transfer timings: ISA-compatible, Type 
A, Type B, and Burst. Each timing and its corresponding code are described below. Upon reset, 
compatible timing is selected and the value of these bits is “O00”. The cycle timings noted below 
are for a BCLK (8.33 MHz, maximum BCLK frequency). DMA cycles to ISA expansion bus 
memory will default to compatible timing if the channel is programmed in one of the performance 
timing modes (Type A, B, or Burst). 


00 Compatible Timing 
DMA slaves on the ISA bus may run compatible DMA cycles. Bits [5:4] must be programmed 
to “00”. Compatible timing is provided for DMA slave devices, which, due to some design 
limitation, cannot support one of the faster timings. Compatible timing runs at 9 BCLKs (1080 
ns/single cycle) and 8 BCLKs (960 ns/cycle) during the repeated portion of a BLOCK or 
DEMAND mode transfers. ‘ 

01 Type “A” Timing 
Type ‘‘A”’ timing is provided to allow shorter cycles to EISA memory. If ISA memory is 
decoded, the system automaticallly reverts to ISA DMA type compatible timing on a cycle-by- 
cycle basis. Type ‘‘A”’ timing runs at 7 BCLKs (840 ns/single cycle) and 6 BCLKs (720 ns/ 
cycle) during the repeated portion of a BLOCK or DEMAND mode transfer. Type “A’”’ timing 
varies from compatible timing primarily in shortening the memory operation to the minimum 
allowed by system memory. The I/O portion of the cycle (data setup on write, |/O read access 
time) is the same as with compatible cycles. The actual active command time is shorter, but it 
is expected that the DMA devices which provide the data access time or write data setup time 
should not require excess |OR # or |OW# command active time. Because of this, most ISA 
DMA devices should be able to use type “A”’ timing. 

10 Type ‘‘B” Timing 
Type ‘‘B”’ timing is provided for 8-bit and 16-bit ISA or EISA DMA devices which can accept 
faster I/O timing. Type ‘““B” only works with EISA memory. Type “B”’ timing runs at 6 BCLKs 
(720 ns/single cycle) and 4 BCLKs (480 ns/cycle) during the repeated portion of a BLOCK or 
DEMAND mode transfer. Type ‘‘B”’ timing requires faster DMA slave devices than compatible 
timing in that the cycles are shortened so that the data setup time on I/O write cycles is 

shortened and the I/O read access time is required to be faster. Some of the current ISA 

devices should be able to support type ‘‘B” timing, but these will probably be more recent 
designs using relatively fast technology. 
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Table 3-19. DMA Channel Extended Mode Register (Continued) 


DMA CYCLE TIMING MODE: (Continued) 

11 Type ‘“C” Timing (Burst) 
Burst timing is provided for high performance EISA DMA devices. The DMA slave device 
needs to monitor the EXRDY and l|ORC# or IOWC # signals to determine when to change the 
data (on writes) or sample the data (on reads). This timing will allow up to 33 MBytes per 
second transfer rate with a 32-bit DMA device and 32-bit memory. Note that 8-bit or 16-bit 
DMA devices are supported (through the programmable Address size) and that they use the 
“byte lanes” natural to their size for the data transfer. As with all bursts, the system will revert 
to two BCLK cycles if the memory does not support burst. When a DMA burst cycle accesses 
non-burst memory and the DMA cycle crosses a page boundary into burstable memory, the 
ESC will continue performing non-burst cycles. This will not cause a problem since the data is 
still transferred correctly. 


ADDRESSING MODE: The ESC supports 8-, 16-, and 32-bit DMA device data sizes. The four 
data size options are programmable with Bits [3:2]. Both the 8-bit I/O, ‘Count By Bytes” Mode 
and the 16-bit |/O, ‘““Count By Words” (Address Shifted) Mode are ISA compatible. The 16-bit and 
32-bit I/O, “Count By Bytes’”’ Modes are EISA extensions. Byte assembly/disassembly is 
performed by the EISA Bus Controller. Each of the data transfer size modes is discussed below. 


00 8-bit I/O, “Count By Bytes” Mode 
In 8-bit I/O, ‘“‘count by bytes’”’ mode, the address counter can be programmed to any address. 
The count register is programmed with the ‘number of bytes minus 1” to transfer. 


16-bit 1/O, “Count By Words” (Address Shifted) Mode 

In ‘count by words” mode (address shifted), the address counter can be programmed to any 
even address, but must be programmed with the address value shifted right by one bit. The 
Page registers are not shifted during DMA transfers. Thus, the least significant bit of the Low 
Page register is ignored when the address is driven out onto the bus. The Word Count register 
is programmed with the number of words minus 1 to be transferred. 


32-Bit I/O, “Count By Bytes’’ Mode 
In 32-bit “count by bytes” mode, the address counter can be programmed to any byte 


address. For most DMA devices, however, it should only be programmed to a Dword aligned 
address. If the starting address is not Dword aligned then the DMA controller will do a partial 
Dword transfer during the first and last transfers if necessary. The bus controller logic will do 
the byte/word assembly necessary to read or write any size memory device and both the 
DMA and bus controllers support burst for this mode. In this mode, the Address register is 
usually incremented or decremented by four and the byte count is usually decremented by 
four. The Count register should be programmed with the number of bytes to be transferred 
minus 1. 


16-Bit I/O, “Count By Bytes” Mode 

In 16-bit ‘“count by bytes” mode, the address counter can be programmed to any byte 
address. For most DMA devices, however, it should be programmed only to even addresses. 
lf the address is programmed to an odd address, then the DMA controller will do a partial word 
transfer during the first and last transfer if necessary. The bus controller will do the byte/word 
assembly necessary to write any size memory device. In this mode, the Address register is 
incremented or decremented by two and the byte count is decremented by the number of 
bytes transferred during each bus cycle. The Word Count register is programmed with the 
“number of bytes minus 1” to be transferred. This mode is offered as an extension of the two 
ISA compatible modes discussed above. This mode should only be programmed for 16-bit ISA 
DMA slaves. 


DMA CHANNEL SELECT: Bits [1:0] selects the particular channel that will have its DMA Channel 
Extend Mode Register programmed with bits [7:2]. 
Bit1 BitO Channel 

0 0 Channel 0 (4) 

0 1 Channel 1 (5) 

1 0 Channel 2 (6) 

1 1 Channel 3 (7) 
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3.2.4 DR—DMA REQUEST REGISTER as though DREQ|x] is asserted. These requests are 
non-maskable and subject to prioritization by the Pri- 

Register Name: DMA Request ority Encoder network (refer to the Channel Priority 
Register Location: 09h—Channels 0-3 Functional Description). Each register bit is set or 
OD2h—Channels 4-7 reset separately under software control or is cleared 


upon generation of a TC. The entire register is 
Default Value: 000000xxb cleared upon reset or a Master Clear. It is not 
Attribute: Write Only | cleared upon a RSTDRV output. To set or reset a 
Size: 4 bits bit, the software loads the proper form of the data 

. word. Bits [1:0] determine which channel Request 
register will be written. In order to make a software 
request, the channel must be in Block Mode. The 
Request register status for DMA1 and DMA2 is out- 
put on Bits [7:4] of a Status register read to the ap- 
propriate port. 


Each channel has a Request bit associated with it in 
one of the two 4-bit Request registers. The Request 
register is used by software to initiate a DMA re- 
quest. The DMA responds to the software request 


Reserved | DMA Channel Select(WO) 


00 = Channel 0 or 4 

DMA Channel Service Request(WO) 01 =Channel 1 or 5 

1 = Set request bit 10 = Channel 2 or 6 

O = Reset request bit 11 = Channel 3 or 7 
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Figure 3-19. DMA Request Register 
Table 3-20. DMA Request Register 


Description 
RESERVED: (must be 0) 


DMA CHANNEL SERVICE REQUEST: Writing a 0 to Bit 2 resets the individual software DMA 
channel request bit. Writing a 1 to Bit 2 will set the request bit. The request bit for each DMA 
channel is reset to 0 upon a reset or a Master Clear. 


Bit 1 Bit 0 Channel 
0 0 Channel 0 


0 1 Channel 1 (5) 
1 0 Channel 2 (6) 
1 1 Channel 3 (7) 


DMA CHANNEL SELECT: Bits [1:0] select the DMA channel mode register to program with bit 2. 
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3.2.5 MASK REGISTER—WRITE SINGLE MASK 
BIT 


Register Name: Mask Register—Write Single 


Mask Bit 


Register Location: 0Ah—Channels 0-3 
0D4h—Channels 4-7 


Default Value: 000001 xxb 
Attribute: Write Only 
Size: 1 bit/channel 


Each DMA channel has a mask bit that can disable 
an incoming DMA channel service request DREQ[x] 
assertion. Two 4-bit registers store the current mask 
status for DMA1 and DMA2. Setting the mask bit 


disables the incoming DREQI[x] for that channel. 


Reserved 


DMA Channel Mask Set/Clear (WO) 
1 = Set mask bit 
O = Clear mask bit 


a 
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Clearing the mask bit enables the incoming 
DREQ[x]. A channel’s mask bit is automatically set 
when the Current Word Count register reaches ter- 
minal count (unless the channel is programmed for 
autoinitialization). Each mask bit may also be set or 
cleared under software control. The entire register is 
also set by a reset or a Master Clear. Setting the 
entire register disables all DMA requests until a clear 
Mask register instruction allows them to occur. This 
instruction format is similar to the format used with 
the Request register. 


Individually masking DMA Channel 4 (DMA control- 
ler 2, Channel 0) will automatically mask DMA Chan- 
nels [3:0], as this Channel group is logically cascad- 
ed onto Channel 4. Setting this mask bit disables the 
incoming DREQ’s for Channels [3:0]. 


Default 


DMA Channel Select (WO) 
00 = Channel 0 or 4 
01 = Channel 1 or 5 
10 = Channel 2 or 6 
11 = Channel 3 or 7 
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Figure 3-20. Mask Register Single Bit 


Table 3-21. Mask Register Single Bit 


incorning DREQ for the elected channel. 


bit 2. 


Bit1 BitO 
0 


Channel 

0 Channel 0 (4) 
1 Channel 1 (5) 
0 Channel 2 (6) 
{ 


0 
1 
1 Channel 3 (7) 
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Description 
RESERVED: (must be 0) 


DMA CHANNEL MASK SET/CLEAR: Writing a 1 to Bit 2 sets the mask bit and disables the 
incoming DREQ for the selected channel. Writing a 0 to Bit 2 clears the mask bit and enables the 


DMA CHANNEL SELECT: Bits [1:0] select the DMA Channel Mode Register to program with 


a 
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3.2.6 MASK REGISTER—WRITE ALL MASK 
REGISTER BITS 


Mask Register-Write All Mask 
Register Bits 


Register Location: OFh—Channels 0-3 © 
ODEh—Channels 4-7 


Register Name: 


Default Value: 00001111b 
Attribute: Read/Write 
Size: 4 bits 


This command allows enabling and disabling of in- 
coming DREQ assertions by writing the mask bits for 
each controller, DMA1 or DMA2, simultaneously 
rather than by individual channel as is done with the 
“Write Single Mask Bit” command. Two 4-bit regis- 
ters store the current mask status for DMA1 and 
DMA2. Setting the mask bit disables the incoming 
DREQ|[x] for that channel. Clearing the mask bit en- 
ables the incoming DREQI[x]. Unlike the “Write Sin- 
gle Mask Bit” command, this command inciudes a 


Reserved 
Channel 3 or 7 Mask bit (R/W) 


1=Set Mask bit 
O=Clear Mask bit 


Channel 2 or 6 Mask bit (R/W) 
1=Set Mask bit 
O=Clear Mask bit 
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status read to check the current mask status of the 
selected DMA channel group. When read, the mask 
register current status appears on Bits [3:0]. A chan- 
nel’s mask bit is automatically set when the Current 
Word Count register reaches terminal count (unless 
the channel is programmed for autoinitialization). 
The entire register is also set by a reset or a Master 
Clear. Setting the entire register disables all DMA 
requests until a clear Mask register instruction al- 
lows them to occur. 


Two important points should be taken into consider- 
ation when programming the mask registers. First, 
individually masking DMA Channel 4 (DMA control- 
ler 2, Channel 0) will automatically mask DMA Chan- 
nels [3:0], as this channel group is logically cascad- 
ed onto Channel 4. Second, masking off DMA con- 
troller 2 with a write to port ODEh will also mask off 
DREQ assertions from DMA controller 1 for the 
same reason: when DMA Channel 4 is masked, so 
are DMA Channels 0-3. 


Channel 0 or 4 Mask bit (R/W) 
1=Set Mask bit 
O=Clear Mask bit 


Channel 1 or 5 Mask bit (R/W) 
1=Set Mask bit 
O=Clear Mask bit 
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Figure 3-21. Mask Register All Bits 
Table 3-22. Mask Register All Bits 


CHANNEL MASK BITS: Setting the bit(s) to a 1 disables the corresponding DREQ(s). Setting the 
bit(s) to a 0 enables the corresponding DREQ(s). Bits [3:0] are set to 1 upon PCIRST # or Master 
Clear. When read, bits [3:0] indicate the DMA channel [3:0] ([7:4]) mask status. 


Bit Channel 


0 O (4) 
1 1 (5) 
2 2 (6) 
3 3 (7) 


NOTE: 
Disabling channel 4 also disables channels 0-3 due to the cascade of DMA1 through channel 4 
of DMA2. 
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3.2.7 DS—DMA STATUS REGISTER Each DMA. controller has a read-only Status register. 
A Status register read is used when determining 
Register Name: _ Status which channels have reached terminal count and 
Reaister Location: 08h—Channels 0-3 which channels have a pending DMA request. Bits 
ye ba pasa th ODOh be 4-7 [3:0] are set every time a TC is reached by that 
| channel. These bits are cleared upon reset and on 
Default Value: 00h each Status Read. Bits [7:4] are set whenever their 
Attribute: Read Only corresponding channel is requesting service. 
Size: 8 bits 


Default 


Request Status(RO) Terminal Count (RO) 
1 = DREQ request pending 1=Reached TC 
0 = no request pending O=Not at TC 
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Figure 3-22. DMA Status Register 


Table 3-23. DMA Status Register 


Description 


REQUEST STATUS: When a valid DMA request is pending for a channel (on its DREQ signal 
line), the corresponding bit is set to 1. When a DMA request is not pending for a particular 
channel, the corresponding bit is set to 0. The source of the DREQ may be hardware, a timed-out 
block transfer, or a software request. Note that channel 4 does not have DREQ or DACK lines, so 
the response for a read of DMA2 status for channel 4 is irrelevant. 


Bit Channel 
4 0 
5 1 (5) 
2 (6) 


3 (7) 


TERMINAL COUNT STATUS: When a channel reaches terminal count (TC), its status bit is set to 
1. lf TC has not been reached, the status bit is set to 0. Note that channel 4 is programmed for 
cascade, and is not used for a DMA transfer. Therefore, the TC bit response for a status read on 
DMA2 for channel 4 is irrelevant. 


Bit Channel 
0 0 
1 1 (5) 
2 2 (6) 
2 3 (7) 
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3.2.8 DMA BASE AND CURRENT ADDRESS 


REGISTER (8237 COMPATIBLE 
SEGMENT) 


DMA Base and Current Address 
Register (8237 Compatible Seg- 
ment) 


Register Location: 000h—DMA Channel 0 
002h—DMA Channel 1 
004h—DMA Channel 2 
O0O6h—DMA Channel 3 
OCOh—DMA Channel 4 
OC4h—DMA Channel 5 
OC8h—DMA Channel 6 
OCCh—DMA Channel 7 


Register Name: 


Default Value: 0000h 
Attribute: Read/Write 
Size: 16 bits per channel 


Each channel has a 16-bit Current Address register. 
This register holds the value of the 16 least signifi- 
cant bits of the full 32-bit address used during DMA 
transfers. The address is automatically incremented 
or decremented after each transfer and the interme- 
diate values of the address are stored in the Current 
Address register during the transfer. This register is 
written to or read from by the microprocessor or bus 
master in successive 8-bit bytes. The programmer 
must issue the ‘‘Clear Byte Pointer Flip-Flop” com- 
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mand to reset the internal byte pointer and correctly 
align the write prior to programming the Current ad- 
dress register. After clearing the Byte Pointer Flip- 
flop, the first write to the Current Address port pro- 
grams the low byte, Bits [7:0], and the second write 
programs the high byte, Bits [15:8]. This procedure 
applies for read cycles also. It may also be re-initial- 
ized by an autoinitialize back to its original value. 
Autoinitialize takes place only after a TC or EOP. 


Each channel has a Base Address register located 
at the same port address as the corresponding Cur- 
rent Address register. These registers store the orig- 
inal value of their associated Current registers. Dur- 
ing autoinitialize these values are used to restore the 
Current registers to their original values. The Base 
registers are written simultaneously with their corre- 
sponding Current register in successive 8-bit bytes 
by the microprocessor. The Base registers cannot 
be read by any external agents. 


In Scatter-Gather Mode these registers store the 
lowest 16 bits of the current memory address. Dur- 
ing a Scatter-Gather transfer the DMA will load a 
reserve buffer into the base memory address regis- 
ter. 


In Chaining Mode, these registers store the lowest 


16 bits of the current memory address. The CPU will 
program the base register set with a reserve buffer. 


Bit 
Default 


Base and Current Address(R/W) 
DMA Channel Base and 
Current Address Value 
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Figure 3-23. DMA Base and Current Address Register 


Table 3-24. DMA Base and Current Address Register 


Description 


BASE AND CURRENT ADDRESS: These bits represent the 16 least significant address bits used 
during DMA transfers. Together with the DMA Low Page register, they help form the ISA- 
compatible 24-bit DMA address. As an extension of the ISA compatible functionality, the DMA 
High Page register completes the 32-bit address needed when implementing ESC extensions 
such as DMA to the PCI bus slaves that can take advantage of full 32-bit addressability. Upon 
reset or Master Clear, the value of these bits is O000h. 
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3.2.9 DMA BASE AND CURRENT BYTE/WORD 
COUNT REGISTER (8237 COMPATIBLE 
SEGMENT) 


Register Name: OMA Base and Current Byte/ 
Word Count Register (8237 


Compatible Segment) 


Register Location: 001h—DMA Channel 0 
003h—DMA Channel 1 

005h—DMA Channel 2 

. 007h—DMA Channel 3 

O0C2h—DMA Channel 4 

OC6h—DMA Channel 5 

OCAh—DMA Channel 6 

OCEh—DMA Channel 7 


Default Value: 0000h 
Attribute: Read/Write 
Size: 16 bits per channel 


Each channel has a 16-bit Current Byte/Word Count 
register. This register determines the lower 16 bits 
for the number of transfers to be performed. There is 
a total of 24 bits in the Byte/Word Count registers. 
The uppermost 8 bits are in the High Byte/Word 
Count register. The actual number of transfers will 
be one more than the number programmed in the 
Current Byte/Word Count register (i.e., programming 
a count of 100 will result in 101 transfers). The byte/ 
word count is decremented after each transfer. The 
intermediate value of the byte/word count is stored 
in the register during the transfer. When the value in 
the register goes from zero to OFFFFFFh, a TC will 
be generated. 


. be 
| 
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Following the end of a DMA service it may also be 
re-initialized by an autoinitialization back to its origi- 
nal value. Autoinitialize can occur only when a TC 


occurs. If it is not autoinitialized, this register will 
have a count of FFFFh after TC. 


When the Extended Mode register is programmed 
for ‘count by word” transfers to/from a 16-bit I/O, 
with shifted address, the Byte/Word count will indi- 
cate the number of 16-bit words to be transferred. 


When the Extended Mode register is programmed 
for ‘count by byte” transfers, the Byte/Word Count 
will indicate the number of bytes to be transferred. 
The number of bytes does not need to be a multiple 
of the transfer size in this case. 


Each channel has a Base Byte/Word Count register 
located at the same port address as the correspond- 
ing Current Byte/Word Count register. These regis- 
ters store the original value of their associated Cur- 
rent registers. During Autoinitialize these values are 
used to restore the Current registers to their original 
values. The Base registers cannot be read by any 
external agents. 


In Scatter-Gather mode these registers store the 
lowest 16 bits of the current Byte/Word Count. Dur- 
ing a Scatter-Gather transfer the DMA will load a 
reserve buffer into the base Byte/Word Count regis- 
ter. 


In Chaining Mode these registers store the lowest 
16 bits of the current Byte/Word Count. The CPU 


will then program the base register set with a re- 
serve buffer. 


Bit 
Default 


Base and Current Byte/Word Count(R/W) 
DMA Channel Base and 
Current Byte/Word Count Value 
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Figure 3-24. DMA Base and Current Byte/Word Count Register 


Table 3-25. DMA Base and Current Byte/Word Count Register 


these bits is OOOOh. 
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| Bit # Description 


BASE AND CURRENT BYTE/WORD COUNT: These bits represent the lower 16 byte/word 
count bits used when counting down a DMA transfer. Upon reset or Master Clear, the value of 


| 
intel ° 
3.2.10 DMA BASE AND CURRENT HIGH BYTE/ 


WORD COUNT REGISTER DMA BASE 
HIGH BYTE/WORD COUNT REGISTER 


DMA Base and Current High 
Byte/Word Count (Read/Write) 
DMA Base High Byte/Word 
Count (Write Only) 


Register Location: 401h—DMA Channel 0 
403h—DMA Channel 1 
405h—DMA Channel 2 
407h—DMA Channel 3 
4C6h—DMA Channel 5 
4CAh—DMA Channel 6 
4CEh—DMA Channel 7 


Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits per channel 


Register Name: 


Each channel has a 8-bit Current High Byte/Word 
Count register. This register provides the uppermost 
8 bits for the number of transfers to be performed. 
The byte/word count is decremented after each 
transfer. The intermediate value of the byte/word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFh, a TC may be generated. 


Following the end of a DMA service it may also be 
re-initialized by an Autoinitialization back to its origi- 
nal value. Autoinitialize can occur only when a TC 
occurs. If it is not Autoinitialized, this register will 
have a count of FFFFh after TC. 


The High Byte/Word Count register must be the last 
Byte/Word Count register programmed. Writing to 
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the 8237 Compatible Byte/Word Count registers will 
clear the High Byte/Word Count register to 00h. 


When the Extended Mode register is programmed 
for ‘count by word”’ transfers to/from a 16-bit I/O, 
with shifted address, the Byte/Word count will indi- 
cate the number of 16-bit words to be transferred. 


When the Extended Mode register is programmed 
for “count by byte” transfers, the Byte/Word Count 
will indicate the number of bytes to be transferred. 
The number of bytes does not need to be a multiple 
of the transfer size in this case. 


Each channel has a Base High Byte/Word Count 
register located at the same port address as the cor- 
responding Current High Byte/Word Count register. 
These registers store the original value of their asso- 
ciated Current registers. During autoinitialize these 
values are used to restore the Current registers to 
their original values. Normally, the Base registers are 
written simultaneously with their corresponding Cur- 
rent register in successive 8-bit bytes by the micro- 
processor. However, in Chaining Mode only the 
Base register set is programmed and the Current 
register is not affected. The Base registers cannot 
be read by any external agents. 


In Scatter-Gather mode these registers store the 
lowest 8 bits of the current High Byte/Word Count. 
During a Scatter-Gather transfer the DMA will load a 
reserve buffer into the base High Byte/Word Count 
register. ; 


In Chaining Mode these registers store the lowest 
8 bits of the current High Byte/Word Count. The 
CPU will then program the base register set with a 
reserve buffer. 


Bit 
Default 


Base and Current High Byte/Word Count(R/W) 
DMA Channel Base and 
Current High Byte/Word Count Value 
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Figure 3-25. DMA Base and Current High Byte/Word Count Register 


Table 3-26. DMA Base and Current High Byte/Word Count Register 


of these bits is OOh. 


Description , 


BASE AND CURRENT HIGH BYTE/WORD COUNT: These bits represent the 8 high order byte/ 
word count bits used when counting down a DMA transfer. Upon reset or Master Clear, the value 
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3.2.11 DMA MEMORY LOW PAGE REGISTER 
DMA MEMORY BASE LOW PAGE 


REGISTER 
Register Name: | DMA Memory Low Page 
(Read/Write) 
DMA Memory Base Low Page 
(Write Only) 


Register Location: 087h—DMA Channel 0 
083h—DMA Channel 1 
081h—DMA Channel 2 
082h—DMA Channel 3 
O08Bh—DMA Channel 5 
089h—DMA Channel 6 
O8Ah—DMA Channel 7 


Default Value: 00h 
Size: 8 bits per channel 


Each channel has an 8-bit Low Page register associ- 
ated with it. The DMA memory Low Page register 
contains the eight second most-significant bits of the 
32-bit address. It works in conjunction with the DMA 
controller’s High Page register and Current Address 
register to define the complete (32-bit) address for 
the DMA channel. This 8-bit register is read or writ- 
ten directly by the processor or bus master. It may 
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intel. 
also be re-initialized by an Autoinitialize back to its 


original value. Autoinitialize takes place only after a 
TC or EOP. 


Each channel has a Base Low Page Address regis- 
ter located at the same port address as the corre- 
sponding Current Low Page register. These registers 
store the original value of their associated Current 
Low Page registers. During autoinitialize these val- 
ues are used to restore the Current Low Page regis- 
ters to their original values. The 8-bit Base Low Page 
registers are written simultaneously with their corre- 
sponding Current Low Page register by the micro- 
processor. The Base Low Page registers cannot be 
read by any external agents. 


During Scatter-Gather these registers store the 
8 bits from the third byte of the current memory ad- 
dress. During a Scatter-Gather transfer the DMA will 
load a reserve buffer into the base memory address 
register. 


In Chaining Mode these registers store the 8 bits 
from the third byte of the current memory address. 
The CPU will program the base register set with a 
reserve buffer. 


OB 


DMA Low Page and Base Low Page 
Eight second most significant bits 


of the full 32-bit address © 
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Figure 3-26. DMA Memory Low Page and Base Low Page Register 


Table 3-27. DMA Memory Low Page and Base Low Page Register 
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| Bit # Description 


DMA LOW PAGE AND BASE LOW PAGE: These bits represent the eight second most- 
significant address bits when forming the full 32-bit address for a DMA transfer. Upon reset or 
Master Clear, the value of these bits is 00h. 
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3.2.12 DMA PAGE REGISTER These registers have no effect on the DMA opera- 
tion. These registers provide extra storage space in 

Register Name: DMA Page (Read/Write) the |/O space for DMA routines. 

Register Location: 080h, 84h, 85h, 86h, 88h, 8Ch, 

8Dh, 8Eh 

Default Value: xxh 

Attribute: Read/Write 

Size: 8 bits 


7 0 ‘Bit 


Default 


DMA Page(R/W) 


No function 
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Figure 3-27. DMA Page Register 
Table 3-28. DMA Page Register 


Description 


7:0 DMA PAGE: These bits have no effect on the DMA operation. These bits only provide storage 
space in the |/O map. 
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3.2.13 DMA LOW PAGE REFRESH REGISTER The contents of this register are driven on the ad- 
dress byte 2 (LA[23:16] #) during Refresh cycles. 


Register Name: DMA Low Page Refresh 
Register Location: O8Fh 


Default Value: xxh 
Attribute: Read/Write 
Size: 8 bits 


0 i*iBit 
Default 


DMA Low Page Refresh(R/W) 
The value is driven on LA[23:16]# 


during Refresh 
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Figure 3-28. DMA Low Page Refresh Register 


Table 3-29. DMA Low Page Refresh Register 
Description 


7:0 DMA LOW PAGE REFRESH: The contents of the bits are driven on to the address bus during 
refresh. 
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3.2.14 DMA MEMORY HIGH PAGE REGISTER 
DMA MEMORY BASE HIGH PAGE 


REGISTER 
Register Name: DMA Memory High Page 
(Read/Write) 
DMA Memory Base High Page 
(Write Only) 


Register Location: 0487h—DMA Channel 0 
0483h—DMA Channel 1 
0481h—DMA Channel 2 
0482h—DMA Channel 3 
048Bh—DMA Channel 5 
0489h—DMA Channel 6 
048Ah—DMA Channel 7 


Default Value: 00h 
Size: 8 bits per channel 


Each channel has an 8-bit High Page register. The 
DMA memory High Page register contains the eight 
most-significant bits of the 32-bit address. It works in 
conjunction with the DMA controller's Low Page reg- 
ister and Current Address register to define the com- 
plete (32-bit) address for the DMA channels and cor- 
responds to the ‘‘Current Address”’ register for each 
channel. This 8-bit register is read or written directly 
by the processor or bus master. It may also be re-ini- 
tialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after a TC or EOP. 


This register is reset to OOh during the programming 
of both the low page register and the Current Ad- 
dress register. Thus, if this register is not pro- 
grammed after the other address and Low Page reg- 
isters are programmed, then its value will be zero. In 
this case, the DMA channel will operate the same as 
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an 82C37 (from an addressing standpoint). This is 
the address compatibility mode. 


lf the high 8 bits of the address are programmed 
after the other addresses, then the channel will 
modify its operation to increment (or decrement) the 
entire 32-bit address. This is unlike the 82C37 
‘“‘Page”’ register in the original PCs which could only 
increment to a 64k boundary (for 8-bit channels) or 
128k (for 16-bit channels). This is extended address 
mode. In this mode, the ISA bus controller will gen- 
erate the signals MEMR# and MEMW #¥ only for ad- 
dresses below 16 Mbytes. 


Each channel has a Base High Page Address regis- 
ter located at the same port address as the corre- 
sponding Current High Page Address register. 
These registers store the original value of their asso- 
ciated Current registers. During Autoinitialize these 
values are used to restore the Current registers to 
their original values. The 8-bit Base High Page regis- 
ters are written simultaneously with their corre- 
sponding Current register by the microprocessor. 
The Base registers cannot be read by any external 
agents. 


During Scatter-Gather these registers store the 
8 bits from the highest byte of the current memory 
address. During a Scatter-Gather transfer the DMA 
will load a reserve buffer into the base memory ad- 
dress register. 


In Chaining Mode these registers store the 8 bits 
from the highest byte of the current memory ad- 
dress. The CPU will program the base register set 
with a reserve buffer. 


0 Bit 


- DMA High Page and Base High Page 
Eight most significant bits 
of the full 32-bit address 
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Figure 3-29. DMA Memory High Page and Base High Page Register 


Table 3-30. DMA Memory High Page and Base High Page Register 


the value of these bits is 00h. 


Description 


DMA HIGH PAGE AND BASE HIGH PAGE: These bits represent the eight most-significant 
address bits when forming the full 32-bit address for a DMA transfer. Upon reset or Master Clear, 
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3.2.15 DMA HIGH PAGE REGISTER REFRESH The contents of this register are driven on the ad- 
dress byte 3 (LA[31:24] #) during Refresh cycles. 


Register Name: DMA High Page Register Re- 
fresh (Read/Write) 


Register Location: 048Fh 


Default Value: xxh 
Attribute: Read/Write 
Size: 8 bits per channel 


DMA High Page Refresh(R/W) 


The value is driven on LA[31:24]# 


during Refresh 
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Figure 3-30. DMA High Page Refresh Register 
Table 3-31. DMA High Page Refresh Register 


Description 


DMA HIGH PAGE REFRESH: The contents of the bits are driven on to the address bus during 
refresh. 


1-284 


intel. 


82374EB 
3.2.16 STOP REGISTERS Default Value: See Below 
rida We 
Register Name: Stop Registers caries : Read/Write 
Size: See Below 


Register Location: 


04EOh—CHO Stop Reg Bits [7:2] 
04E1h—CHO Stop Reg Bits [15:8] 
04E2h—CHO Stop Reg Bits [23:16] 
04E4h—CH1 Stop Reg Bits [7:2] 
04E5h—CH1 Stop Reg Bits [15:8] 
04E6h—CH1 Stop Reg Bits [23:16] 
04E8h—CH2 Stop Reg Bits [7:2] 
04E9h—CH2 Stop Reg Bits [15:8] 
04EAh—CH2 Stop Reg Bits [23:16] 


The Stop registers are used to support a common 
data communication structure, the ring buffer. The 
ring buffer data structure and Stop register operation 
are described in Section 6.7.4. The Stop registers, in 
conjunction with a channel’s Base and Current ad- 
dress and byte count registers, are used to define a 
fixed portion of memory for use by the ring buffer 
data structure. Following a reset, these registers are 
all reset to “O”’. 


04ECh—CH3 Stop Reg Bits [7:2] 
04EDh—CH3 Stop Reg Bits [15:8] 
O4EEh—CHS Stop Reg Bits [23:16] 
04F4h—CH5 Stop Reg Bits [7:2] 
04F5nh—CH5 Stop Reg Bits [15:8] 
04F6h—CH5 Stop Reg Bits [23:16] 
04F8h—CH6 Stop Reg Bits [7:2] 
04F9h—CH6 Stop Reg Bits [15:8] 
04FAh—CHE6 Stop Reg Bits [23:16] 
04FCh—CH7 Stop Reg Bits [7:2] 
04FDh—CH7 Stop Reg Bits [15:8] 
04FEh—CH7 Stop Reg Bits [23:16] 


23 16 15 8 t ein 0 Bit 
coco [x [x] ot 


Mid Stop Bits(R/W) Lower Stop Bits(R/W) 


Bits 1 and 0 are not used 


Upper Stop Bits(R/W) 
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Figure 3-31. Stop Registers 


Table 3-32. Stop Registers 


Description 


UPPER, MID, LOWER STOP BITS: These 22 bits provide the Stop Address. If the Stop function 
is enabled then the channel will Stop whenever its Memory Address matches the Stop Address. 
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3.2.17 CHAINING MODE REGISTER Each channel has a Chaining Mode register. The 
Chaining Mode register enables or disables DMA 

Register Name: Chaining Mode Register buffer chaining and indicates when the DMA Base 
Register Location: 040Ah—Channels 0-3 registers are being programmed. When writing to the 
04D4h—Channels 4-7 register, Bits [1:0] determine which channel’s Chain- 


ing Mode register to program. The chaining status 
Default Value: 000000xxb mn rarer status for all channels can be deter- 
Attribute: Write Only mined by reading the Chaining Mode Status, Chan- 
Size: 8 bits nel Interrupt Status, and Chain Buffer Expiration 
Control registers. The Chaining Mode register is re- 
set to zero upon reset, access (read or write) of a 
channel’s Mode register or Extended Mode register, 
or a Master Clear. The values upon reset are disable 
chaining mode and generate IRQ13. 


> 


Default 


Reserved DMA Channel Select(WO) 
00 = Channel 0 or 4 


Buffer Expired Signal(WO) 01 = Channel 1 or 5 
1 = Generate TC 10 = Channel 2 or 6 
O= Generate IRQ13 11 = Channel 3 or 7 


Base Register Programming(WO) Buffer Chaining Mode(WO) 
1 = Programming Complete 1 = Enable Chaining 
0 = Don't Start Chaining 0 = Disable Chaining 
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Figure 3-32. Chaining Mode Register 


Table 3-33. Chaining Mode Register 


Description 
RESERVED: (must be 0) : 


BUFFER EXPIRED SIGNAL: After one of the two buffers in the DMA expires then the DMA will 
inform the CPU that the next buffer should be loaded into the base register set. This bit 
determines whether IRQ13 or EOP should be used to inform the CPU that the buffer is complete. 


3 BASE REGISTER PROGRAMMING: After the reserve buffer’s address and word count are 
written to the base register set, this bit should be set to 1 to inform the DMA that the second 
buffer is ready for transfer. 


BUFFER CHAINING MODE: Bit 2 enables the chaining mode logic. If the bit is set to 1 after the 
initial DMA address and word count are programmed, then the Base address and word count are 
available for programming the next buffer in the chain. 


DMA CHANNEL SELECT: Bits [1:0] select the DMA channel mode register to program with Bits 
[4:2]. 
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3.2.18 CHAINING MODE STATUS REGISTER This register is read only and is used to determine if 

chaining mode for a particular channel is enabled or 
Register Name: Chaining Mode Status Register disabled. A “1” read in this register indicates that 
Register Location: 04D4h the channel's chaining mode is enabled. A “0” indi- 

cates that the chaining mode is disabled. All Chain- 
Default Value: 00h ing mode bits are disabled after a reset with reset. 
Attribute: Read Only After the DMA is used in Chaining mode the CPU will 
Size: 8 bits need to clear the Chaining mode enable bit if non- 


Chaining mode is desired. 


7 0 Bit 


Chaining Mode Status(RO) 
1 = Chaining Disabled 
0 = Chaining Enabled 


Note: Bit 4 does not reflect channel 4's status 
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Figure 3-33. Chaining Mode Status Register 


Table 3-34. Chaining Mode Status Register 


| Bit # Description 


CHAINING MODE STATUS: If this bit is set to 1 then this channel has chaining enabled by 
writing 1 to Bit 2 of the Chaining Mode Register. This bit can be reset to 0 by either writing a 0 to 
Bit 2 of the Chaining Mode Register or reset being asserted or by a Master Clear Command. 
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3.2.19 CHANNEL INTERRUPT STATUS Channel Interrupt Status is a read only register and 
REGISTER is used to indicate the source (channel) of a DMA 

| chaining interrupt on |IRQ13. The DMA controller as- 

Register Name: Channel Interrupt Status serts IRQ13 after reaching terminal count, with 
Register Location: 040Ah chaining mode enabled. It does not assert IRQ13 


during the initial programming sequence that loads 
Default Value: 00h the Base registers. After a reset, a read of this regis- 
Attribute: Read Only ter will produce OOh. 


Size: 8 bits 


7 0 Bit 


Channel Interrupt Status(RO) 
1 = Channel has an interrupt 
O = No Interrupt 


Note: Bit 4 does not reflect channel 4's status 
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Figure 3-34. Channel Interrupt Status Register 


Table 3-35. Channel Interrupt Status Register 


Description 


CHAINING INTERRUPT STATUS: When a channel interrupt status read returns a “0”, 
Bit [7:5, 3:0] indicates that channel did not assert IRQ13. When a channel interrupt status read 
returns a “1”, then that channel asserted IRQ13 after reaching a Terminal Count. . 
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3.2.20 CHAIN BUFFER EXPIRATION CONTROL 
REGISTER 

Register Name: Chain Buffer Expiration Control 

Register Location: 040Ch 

Default Value: 00h 


Attribute: Read Only 
Size: 8 bits 


82374EB 


This register is read only and reflects the outcome of 
the expiration of a chain buffer. A Chain Buffer Expi- 
ration Control register bit with 0 indicates the DMA 
controller asserts |RQ13 when the DMA controller 
reaches terminal count. A ‘‘1” indicates the DMA 
controller asserts TC when the DMA controller 
reaches terminal count. This bit is programmed in Bit 
4 of the Chaining Mode register. 


Bit 
Default 


Channel Buffer Expired(RO) 
1 = Assert EOP at TC 
0 = IRQ13 asserted at TC 
Note: Bit 4 does not reflect channel 4's status 
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Figure 3-35. Chain Buffer Expiration Control Register 


Table 3-36. Chain Buffer Expiration Control Register 


Description 


CHAINING BUFFER EXPIRED: When a chain buffer expiration control read returns “‘0’’, Bit 
[7:5, 3:0] indicates that Channel [7:5, 3:0] will assert |IRQ13 when the DMA channel reaches 


terminal count. When a chain buffer expiration control read returns ‘‘1’’, Bit [7:5, 3:0] indicates 
that Channel [7:5, 3:0] will assert TC when the DMA controller reaches terminal count. This bit 
will reset to 0 following a reset. 
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3.2.21 SCATTER-GATHER COMMAND 
REGISTER 


Register Name: Scatter-Gather Command 


Register Location: 0410h—Channels 0 
0411h—Channels 1 
0412h—Channels 2 
0413h—Channels 3 
0415h—Channels 5 
0416h—Channels 6 
0417h—Channels 7 


Default Value: O0Oxxxx00b 
Attribute: Write Only, Relocateable 
Size: 8 bits 


The Scatter-Gather command register controls op- 
eration of the Descriptor Table aspect of S-G trans- 
fers. The S-G command register is write only. The 
current S-G transfer status can be read in the S-G 
channel’s corresponding S-G Status register. The 
S-G command register can initiate a S-G transfer, 
and stop a transfer. 


Scatter-Gather commands are issued with com- 
mand codes. Bits [1:0] are used to implement the 
code mechanism. The S-G codes are described in 
the table below. Bit 7 is used to control the IRQ13/ 
EOP assertion that follows a terminal count. Bit 6 
controls the effect of Bit 7. Common Scatter-Gather 
command writes are listed in Table 3-37. 


EOP/IRQ13 Selection (WO) 
1=Assert EOP on TC 
0=Assert IRQ13 on TC 


Table 3-37. Scatter-Gather Command Bits 


Command 

command 7654 | 3210 | 
No S-G Operation 0000 | 0000b 
(S-G NOOP) 


state —*+dtino | 01 
rsiopsa—————*|eet0 | 0106 


Issue IRQ13 on Terminal 0100 | OOxxb 
Count 


Issue EOP on Terminal Count 1100 


Note that the ‘x’ don’t care states in Table 3-37 
do not preclude programming those bits during 
the command write. For instance, for any S-G com- 
mand code on Bits [1:0], an optional selection of 
IRQ13 or EOP can take place if Bit 7 is set to 1 and 
the appropriate choice is made for Bit 6. All 0’s in the 
command byte indicate an S-G NOOP: no S-G com- 
mand is issued, and EOP/IRQ13 modification is dis- 
abled. Note that an EOP/IRQ13 modification can be 
made while disabling the S-G command bits 
(Bits[1:0] =00b); conversely, an S-G command may 
be issued while EOP/IRQ13 modification is disabled 
(Bit 6=Ob). After a reset, or Master Clear, IRQ13 is 
disabled and EOP is enabled. 


The Start command assumes the Base and Current 
registers are both empty and will request a prefetch 
automatically. It also sets the status register to S-G 
Active, Base Empty, Current Empty, not Terminated, 
and Next Null Indicator to 0. The EOP/IRQ13 bit will 
still reflect the last value programmed. 


Default 


S-G Command Code (WO) 
00 = No S-G operation 
01 = Start S-G 


Reserved 10= Stop S-G 


Enable 1RQ13/EOP Programming(WO) 
1=Enabled 
O=Disabled 
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Figure 3-36. Scatter-Gather Command Register 
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Table 3-38. Scatter-Gather Command Register 


Bit # Description 


EOP/IRQ13 SELECTION: Bit 7 is used to select whether EOP or IRQ will be asserted at 


termination caused by the last buffer expiring. The last buffer can be either the last buffer in the 
list or the last buffer loaded in the DMA while it is suspended. If this bit is set to 1 then EOP will be 
asserted whenever the last buffer is completed. If this bit is set to 0 then IRQ13 will be asserted 
whenever the last buffer is completed. 


EOP can be used to alert an expansion bus I/O device that a scatter-gather termination condition 
was reached; the I/O device in turn can assert its own interrupt request line, and invoke a 
dedicated interrupt handling routine. IRQ13 should be used whenever the CPU needs to be 
notified directly. 


Following reset, or Master Clear, the value stored for this bit is 0, and IRQ13 is selected. Bit 6 
must be set to a 1 to enable this bit during an S-G Command register write. When Bit 6 is a 0 
during the write, Bit 7 will not have any effect on the current EOP/IRQ13 selection. 


ENABLE IRQ13/EOP PROGRAMMING: Enabling |RQ13/EOP programming allows initialization 
or modification of the S-G termination handling bits. If Bit 5 is reset to “O”’, Bit 7 will not have any 
affect on the state of IRQ13 or EOP assertion. When Bit 5 is set to a “1”, Bit 7 determines the 

termination handling following a terminal count. 


S-G COMMAND CODE: 


00 = No S-G command operation is performed. Bits[7:5] may still be used to program 
EOP/IRQ13 selection. 


01 = The Start command initiates the scatter-gather process. Immediately after the Start 
command is issued a request is issued to fetch the initial buffer to fill the Base Register set 
in preparation for performing a transfer. The Buffer Prefetch request has the same priority 
with respect to other channels as the DREQ it is associated with. Within the channel, 
DREQ is higher in priority than a prefetch request. 


10 = The Stop command halts a Scatter-Gather transfer immediately. When a Stop command is 
given, the Terminate bit in the S-G Status register and the DMA channel mask bit are both 
set. 


Reserved 
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The S-G Status register contains information on the 
S-G transfer status. This register maintains dynamic 
status information on S-G Transfer Activity, the Cur- 
rent and Base Buffer state, S-G Transfer Termina- 
tion, and the End of the List indicator. 


3.2.22 SCATTER-GATHER STATUS REGISTER 


Register Name:  Scatter-Gather Status 


Register Location: Channels 0 
0419h—Channels 1 
041Ah—Channels 2 
041Bh—Channels 3 
041Dh—Channels 5 
041Eh—Channels 6 
041Fh—Channels 7 

Default Value: 08h 

Attribute: Read Only, Relocatable 


Size: 8 bits 


5 


Next Link Null Indicator(RO) 
1=End of Link List 
O=Not the End of Link List 


Reserved 
IRQ13 or EOP on Last Buffer(RO) 


1=EOP 
0=IRQ13 


The Scatter-Gather Status register provides Scatter- 
Gather process status information to the CPU or 
Master. An Active bit is set to 1 after the S-G Start 
command is issued. The Active bit will be 0 before 
the initial Start command, following a terminal count, 
and after an S-G Stop command is issued. The Cur- 
rent Buffer and Base Buffer State bits indicate 
whether the corresponding register has a buffer 
loaded. It is possible for the Base Buffer State to be 
set while the Current Buffer State is cleared. When 
the Current Buffer transfer is complete, the Base 
Buffer will not be moved into the Current Buffer until 
the start of the next data transfer. Thus, the Current 
Buffer State is empty (cleared), while the Base Buff- 
er State is full (set). The Terminate bit is set active 
after a Stop command, after TC for the last buffer in 
the list and both Base and Current buffers have ex- 
pired. The EOP and IRQ13 bits indicate which end of 
process indicator will be used to alert the system of 
an S-G process termination. The EOL status bit is 
set if DMA controller has loaded the last buffer of 
the Link List. 


4 3 2 


S-G Active (RO) 
1=Active 
O=Not Active 


Reserved 


S-G Current Buffer State(RO) 
1=Loaded 
0=Empty 


S-G Base Buffer State(RO) 
1=Loaded 
O=Empty 
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Figure 3-37. Scatter-Gather Status Register 
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Table 3-39. Scatter-Gather Status Register 


NEXT LINK NULL INDICATOR: If the Next SGD fetched from memory during a fetch operation 
has the EOL value (1), the current value of the Next Link register is not overwritten. Instead, Bit 7 
of the channel’s S-G Status register, the Next Link Null indicator, is set to a “1”. If the fetch 
returns a EOL value not equal to (1), this bit is reset to “O’’. This status bit is written after every 
fetch operation. Following reset, or Master Clear, this bit is reset to “O’’. This bit is also cleared by 
an S-G Start Command Write. 


IRQ13 OR EOP ON LAST BUFFER: When the |RQ13/EOP status bit contains a “1”, EOP was 
either defaulted to at reset or selected through the S-G Command register as the S-G process 
termination indicator. EOP will be issued to alert the system when a terminal count occurs or 
following the Stop Command. When this bit is returned as a “0”, an IRQ13 will be issued to alert 
the CPU of this same status. 


S-G BASE BUFFER STATE: When the Base Buffer status bit contains a “0”, the Base Buffer is 
empty. When the Base Buffer Status bit is set to ‘‘1”’, the Base buffer has a buffer link loaded. 
Note that the Base Buffer State may be set while the Current buffer state is cleared. This 
condition occurs when the Current Buffer expires following a transfer; the Base Buffer will not be 
moved into the Current Register until the start of the next DMA transfer. 


S-G CURRENT BUFFER STATE: When the Current Buffer status bit contains a “0”, the Current 
Buffer is empty. When the Current Buffer status bit is set to “1”, the Current Buffer has a buffer 
link loaded and is considered full. Following reset, Bit 2 is reset to “0”. 


S-G ACTIVE: The Scatter-Gather Active bit indicates the current S-G transfer status. Bit 0 will be 
a1 after a S-G Start Command is issued. Bit 0 will be a 0 before the Start command is issued. Bit 
0 will be a 0 after terminal count on the last buffer on the channel is reached. Bit 0 will also be a 0 
after a S-G Stop command has been issued. Following reset, or Master Clear, this bit is reset to 
at a 
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3.2.23 SCATTER-GATHER DESCRIPTOR 
TABLE POINTER REGISTER 


Register Name: Scatter-Gather Descriptor Table 


Pointer 


Register Location: 0420h-0423h—Channels 0 
0424h-0424h—Channels 1 
0428h-042Bh—Channels 2 
042Ch-042Ch—Channels 3 
0434h-0437h—Channels 5 
0438h-043Bh—Channels 6 
043Ch-043Fh—Channels 7 


- Default Value: See below 
Attribute: Read/Write, Relocatable 
Size: 32 bits 


The SGD Table Pointer register contains the 32-bit 
pointer to the first SGD entry in the SGD table in 
memory. Before the start of a S-G transfer, this reg- 
ister should have been programmed to point to the 
first SGD in the SGD table. Following a ‘Start’ com- 
mand, it initiates reading the first SGD entry by point- 
ing to the first SGD entry to be fetched from the 
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memory. Subsequently, at the end of the each buffer 
block transfer, the contents of the SGD table pointer 
registers are incremented by 8 until the end of the 
SGD table is reached. 


When programmed by the CPU, the SGD Table 
Pointer Registers can be programmed with a single 
32-bit PCI write. 


NOTE: 
The PCEB and EISA Bus Controller will split 
the 32-bit write into four 8-bit writes. 


Following a prefetch to the address pointed to by the 
channel’s SGD table pointer register, the new Mem- 
ory Address is loaded into the Base Address regis- 
ter, the new Byte Count is loaded into the Base Byte 
Count register, and the newly fetched Next SGD re- 
places the current Next SGD value. 


The end of the SGD table is indicated by a End of 
Table field having a MSB equal to 1. When this value 
is read during a SGD fetch, the current SGD value is 
not replaced. Instead, Bit 7 of the channel’s status 
register is set to a 1 when the EOL is read from 
memory. 


Table 3-40. Scatter-Gather Table Pointer Register 


Description 


SGD TABLE POINTER: The SGD table pointer register contains a 32-bit pointer to the main 


memory location where the software maintains the Scatter-Gather Descriptors for the linked-list 


buffers. These bits are translated into A[31:0] signals for accessing memory on the PCI. 
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3.2.24 CLEAR BYTE POINTER FLIP-FLO 
REGISTER , 
Register Name: Clear Byte Pointer Flip-Flop 


Register Location: 00Ch—Channels 0-3 
OD8h—Channels 4-7 


Default Value: xxh 
Attribute: Write Only 
Size: n/a 


This command is executed prior to writing or reading 
new address or word count information to the DMA. 
This initializes the flip-flop to a known state so that 
subsequent accesses to register contents by the mi- 
croprocessor will address upper and lower bytes in 
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The Clear Byte Pointer command clears the internal 
latch used to address the upper or lower byte of the 
16-bit address and Word Count registers. The latch 
is also cleared at power on by reset and by the Mas- 
ter Clear command. The Host CPU may read or write 
a 16-bit DMA controller register by performing two 
consecutive accesses to the I/O port. The Clear 
Byte Pointer command precedes the first access. 
The first |/O write to a register port loads the least 
significant byte, and the second access automatical- 
ly accesses the most significant byte. 


When the Host CPU is reading or writing DMA regis- 
ters, two Byte Pointer Flip-Flops are used; one for 
Channels 0-3 and one for Channels 4-7. Both of 
these act independently. There are separate soft- 
ware commands for clearing each of them (0Ch for 


the correct sequence. 
7 Channels 0-3, OD8h for Channels 4-7). 


0 Bit 
Default 


Clear Byte Pointer FF(WO) 
No specific pattern. 


Software write only. 
290476-40 


Figure 3-38. Clear Byte Pointer Flip-Flop Register 


Table 3-41. Clear Byte Pointer Flip-Flop Register 


Description 


CLEAR BYTE POINTER FF: No specific pattern. Command enabled with a write to the I/O port 
address. 


: 1-295 


82374EB 


3.2.25 DMC—DMA MASTER CLEAR REGISTER 


Register Name: Master Clear 


Register Location: 00Dh—Channels 0-3 
ODAh—Channels 4-7 


Default Value: xxh 
Attribute: Write Only 
Size: n/a 


r 
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This software instruction has the same effect as the 
hardware Reset. The Command, Status, Request, 
and Internal First/Last Flip-Flop registers are 
cleared and the Mask register is set. The DMA con- 
troller will enter the idle cycle. 


There are two independent Master Clear Com- 
mands, ODh which acts on Channels 0-3, and ODAh 
which acts on Channels 4-7. 


0 .i+—Bit 
Default 


Master Clear(WO) 
No specific pattern. 


Software write only. 
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Figure 3-39. DMA Master Clear Register 


Table 3-42. DMA Master Clear Register 


Description 


MASTER CLEAR: No specific pattern. Command enabled with a write to the |/O port address. 
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3.2.26 DCM—DMA CLEAR MASK REGISTER 


Register Name: Clear Mask 


Register Location: Port Address: 
00Eh—Channels 0-3 
ODCh—Channels 4-7 


Default Value: xxh 
Attribute: Write Only 
Size: n/a 
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This command clears the mask bits of all four chan- 
nels, enabling them to accept DMA requests. |/O 
port OEh is used for Channels 0-3 and 1|/O port 
ODCh is used for Channels 4-7. 


Bit 
Default 


Clear Mask Register(WO) 
No specific pattern. 


Figure 3-40. DMA Clear Mask Register 


Software write only. 
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Table 3-43. DMA Clear Mask Register 


CLEAR MASK: No specific pattern. Command enabled with a write to the I/O port address. 
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3.3 Timer Unit Registers 


The ESC contains five counters that are equivalent 
to those found in the 82C54 Programmable Interval 
Timer. The Timer registers control these counters 
and can be accessed from the EISA Bus via I/O 
space. This section describes the counter/timer reg- 
isters on the ESC. The counter/timer operations are 
further described in Chapter 8.0, Interval Timers. 


3.3.1 TCW—TIMER CONTROL WORD 


REGISTER 
Register Name: Timer 1 and Timer 2 Control 
Word 
Register Location: 043h—Timer 1 
. 04Bh—Timer 2 
Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


The Timer Control Word specifies the counter selec- 
tion, the operating mode, the counter byte program- 
ming order and size of the COUNT value, and 
whether it counts down in a 16-bit or binary-coded 
decimal (BCD) format. After writing the control word, 
a new count may be written at any time. The new 
value will take effect according to the programmed 
mode. 


Counter Selection(WO) 
00=Select Counter 0 
01=Select Counter 1 
10=Select Counter 2 
11=Read Back Command 


Read/Write(WO) 
00=Counter Latch Command 


01=R/W Least Significant Byte (LSB) 
10=R/W Most Significant Byte (MSB) 


11=R/W LSB then MSB 


) 
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There are six programmable counting modes. Typi- 
cally, the ESC Timer Unit Counters 0 and 2 are pro- 
grammed for Mode 3, the Square Wave Mode, while 
Counter 1 is programmed in Mode 2, the Rate Gen- 
erator Mode. 


Two special commands are selected through the 
Control Word Register. The Counter Latch Com- 
mand is selected when Bits[5:4] are both ‘‘0”. The 
Read-Back Command is selected when Bits[7:6] are 
both ‘1’. When either of these two commands are 
selected with the Control Word Register, the mean- 
ing of the other bits in the register changes. Both of 
these special commands, and the respective chang- 
es they make to the bit definitions in this register, are 
covered in detail under separate register descrip- 
tions later in this section. 


Bits 4 and 5 are also used to select the count regis- 
ter programming mode. The programming process is 
simple: 

1. Write a control word. 

2. Write an initial count for each counter. 


3. Load the LSB, MSB, or LSB then MSB. 


The read/write selection chosen with the control 
word dictates the programming sequence that must 
follow when initializing the specified counter. 


0 Bit 
es Default 
Binary/BCD Countdown Type(WO) 


1=BCD 
O=Binary 


Counter Mode Selection(WO) 
000=Mode 0: 
001=Mode 1 
x10=Mode 2 
x11=Mode 3 
100=Mode 4 
101=Mode 5 


Note: These bits are undefined following a RESET or power-up. The controller 
must be programmed to initialize these bits. 
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Figure 3-41. Timer Control Word Register 
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lf a counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same counter. Otherwise, the counter will 
be loaded with an incorrect count. The count must 
always be completely loaded with both bytes. 


Bits 6 and 7 are also used to select the counter for 
the control word you are writing. 
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Following reset, the control words for each register 
are undefined. You must program each timer to 
bring it into a known state. However, each counter 
OUT signal is reset to 0 following reset. The SPKR 
output, interrupt controller input IRQO (internal), Bit 5 
of port 061h, and the internally generated Refresh 
request are each reset to 0 following reset. 


Table 3-44. Timer Control Word Register 


Bit7 Bit6 Function 
0 0 Counter 0 select 
0 1 Counter 1 select 
: 0 Counter 2 select 


1 


1, and 2, respectively). 


1 1 R/W LSB then MSB 


counter as shown below. 


Bit3 Bit2 Biti1 Mode 
0 0 0 0 
0 0 1 1 
X 1 0 2 
X 1 1 3 
1 0 0 4 
1 5 


largest BCD count allowed is 104. 


COUNTER SELECT: The Counter Selection bits select the counter the control word acts upon as 
shown below. The Read Back Command is selected when bits[7:6] are both 1. 


Read Back Command (see Section 3.3.2) 


READ/WRITE SELECT: Bits [5:4] are the read/write control bits. The Counter Latch Command 
is selected when bits[5:4] are both 0. The read/write options include read/write least significant 
byte, read/write most significant byte, or read/write the LSB and then the MSB. The actual 

counter programming is done through the counter I/O port (040h, 041h, and 042h for counters 0, 


Bit5 Bit4 Function 
0 0 Counter Latch Command (see Section 3.3.3) 
0 1 R/W Least Significant Byte (LSB) 
1 0 R/W Most Significant Byte (MSB) 


COUNTER MODE SELECTION: Bits [3:1] select one of six possible modes of operation for the 


Out signal on end of count (= 0) 
Hardware retriggerable one-shot 
Rate generator (divide by n counter) 
Square wave output 
_ Software triggered strobe 
Hardware triggered strobe 


BINARY/BCD COUNTDOWN SELECT: When bit 0 = 0, a binary countdown is used. The largest 
possible binary count is 216. When bit 0 = = 1, a binary coded decimal (BCD) count is used. The 


Function 
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3.3.2 TIMER READ BACK COMMAND 
REGISTER 


Register Name: Timer Read Back Command 
Register Location: 043h—Timer 1 


04Bh—Timer 2 
Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


The Read-Back command is used to determine the 
count value, programmed mode, and current states 
of the OUT pin and Null Count flag of the selected 
counter or counters. The Read-Back command is 
written to the Control Word register, which latches 
the current states of the above mentioned variables. 
The value of the counter and its status may then be 
read by I/O access to the counter address. 


Status and/or count may be latched on one, two, or 
all three of the counters by selecting the counter 
during the write. The Count latched will stay latched 
until read, regardless of further latch commands. 
The count must be read before newer latch com- 
mands latch a new count. The Status latched by the 
read-back command will also remain latched until 


Read Back Command(WO) 
Must be 11 to designate 
this command 


Latch Status of Selected Counters (WO) 
1=Do not latch 
0=Latch status 
Latch Count of Selected Counters (WO) 
1=Do not latch 
O=Latch count 


i 


a 

intel. 
after a read to the counter’s |/O port. To reiterate, 
the Status and Count are unlatched only after a 


counter read of the Status register, the Count regis- 
ter, or the Status and Count register in succession. 


Both count and status of the selected counter(s) 


may be latched simultaneously by setting both the 
COUNT # and STATUS # Bits [5:4] = O0b. This is 
functionally the same as issuing two consecutive, 
separate read-back commands. As stated above, if 
multiple count and/or status read-back commands 
are issued to the same counter(s) without any inter- 
vening reads, all but the first are ignored. 


If both count and status of a counter are latched, the 
first read operation from that counter will return the 
latched status, regardless of which was latched first. 
The next one or two reads (depending on whether 
the counter is programmed for one or two byte 
counts) return the latched count. Subsequent reads 
return an unlatched count. 


A register description of the Status Byte read follows 
later in this Section. Note that bit definitions for a 
write to this port changed when the read-back com- 
mand was selected, when compared to a normal 
control word write to this same port. 


Reserved 
Counter 0(WO) 
1=Select counter 
0=Do not select counter 
Counter 1(WO) 
1=Select counter 
0=Do not select counter 
Counter 2(WO) 
1=Select counter 
0=Do not select counter 


Note: These bits are undefined following a RESET or power-up. The controller 
must be programmed to initialize these bits. 
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Figure 3-42. Timer Read Back Command Register 
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Table 3-45. Timer Read Back Command Register 


Description 


7:6 READ BACK COMMAND: When Bits[7:6] are both “1”, the read-back command is selected 
during a write to the control word. The normal meanings (mode, countdown, r/w select) of the bits 
in the control register at |/O address 043h change when the read-back command is selected. 
Following the read-back command, !|/O reads from the selected counter’s |/O addresses produce 
the current latch status, the current latched count, or both if Bits 4 and 5 are both “0”. 


LATCH STATUS OF SELECTED COUNTERS: When Bit 5 is a ‘‘1’’, the Current Count value of 
the selected counters will be latched. When Bit 4 is a “0’’, the Status will not be latched. 


LATCH COUNT OF SELECTED COUNTERS: When Bit 4 is a “1”, the Status of the selected 
counters will be latched. When Bit 4 is a ‘0’, the Status will not be latched. The Status byte 
format is described in the next register description. 


COUNTER 2: Counter 2 is selected for the latch command selected with Bits 4 and 5 if Bit3 isa 
“41” If Bit 3 is a “O’’, Status and/or Count will not be latched. 


COUNTER 1: Counter 1 is selected for the latch command selected with Bits 4 and 5 if Bit2isa 
“4” If Bit2 is a “O”, Status and/or Count will not be latched. 


COUNTER 0: Counter 0 is selected for the latch command selected with Bits 4 and 5 if Bit1isa 
“4” If Bit 1 is a “O”, Status and/or Count will not be latched. 


RESERVED: Must be 0. | 


= 
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3.3.3 COUNTER LATCH COMMAND REGISTER 


Register Name: Counter Latch Command 
Register Location: 043h—Timer 1 


04Bh—Timer 2 
Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


The Counter Latch command latches the current 
count value at the time the command is received. 
This command is used to insure that the count read 
from the counter is accurate (particularly when read- 
ing a two-byte count). The count value is then read 
from each counter’s Count register. One, two or all 
three counters may be latched with one counter 
latch command. 


lf a Counter is latched once and then, some time 
later, latched again before the count is read, the 
second Counter Latch Command is ignored. The 
count read will be the count at the time the first 
Counter Latch Command was issued. 


Counter OUT Pin State(RO) 

1=OUT pin is high 

O=OUT pin is low 

Count Register Status(RO) 

1=contents not moved into CE(null count) 
O=contents are moved into CE 


Read/Write Status(RO) 
00=Counter Latch Command 


01=R/W Least Significant Byte (LSB) 
10=R/W Most Significant Byte (MSB) 


11=R/W LSB then MSB 
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The count must be read according to the pro- 
grammed format. Specifically, if the Counter is pro- 
grammed for two byte counts, two bytes must be 
read. The two bytes do not have to be read one right 
after the other; read, write, or programming opera- 
tions for other Counters may be inserted between 
them. 


One precaution is worth noting. If a Counter is pro- 
grammed to read/write two-byte counts, a program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same Counter. Otherwise, an incorrect 
count will be read. Finish reading the latched two- 
byte count before transferring control to another rou- 
tine. 


Note that bit definitions for a write to this port have 
changed when the read-back command was select- 
ed, when compared to a normal control word write to 
this same port. 


Countdown Type Status(RO) 
1=BCD Selected 
O=Binary Selected 


Mode Selection Status(RO) 
000=Mode O Selected 
001=Mode 1 Selected 
x10=Mode 2 Selected 
x11=Mode 3 Selected 
100=Mode 4 Selected 
101=Mode 5 Selected 


Note: The "x" bits are undefined following a RESET or power-up. The controller 
must be programmed to initialize these bits. 
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Figure 3-43. Counter Latch Command Register 
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Table 3-46. Counter Latch Command Register 


COUNTER SELECTION: Bits 6 and 7 are used to select the counter for latching. 
Bit7 Bit6 Function 
Latch counter 0 select 
- Latch counter 1 select 
Latch counter 2 select 


Read Back Command select 


SPECIFIES COUNTER LATCH COMMAND: When Bits[5:4] are both ‘‘0’”’, the Counter Latch 
command is selected during a write to the control word. The normal meanings (mode, countdown, 
r/w select) of the bits in the control register at |/O address 043h change when the Counter Latch 
command is selected. Following the Counter Latch command, I/O reads from the selected 
counter’s I/O addresses produce the current latched count. 


3:0 RESERVED: Must be 0. | 


3.3.4 TIMER STATUS BYTE FORMAT Each Counter’s Status Byte may be read following a 
REGISTER Timer Read-Back Command. The Read-Back com- 

mand is programmed through the counter control 

Register Name: _ Timer Status Byte Format register. If “Latch Status” is chosen as a Read-Back 
Register Location: 040h—Timer 1, Counter 0 option for a given counter, the next read from the 
041h—Timer 1, Counter 1 counter’s |/O port address returns the Status byte. 

ee aie alee MK sean : The Status byte returns the countdown type, either 

04Ah—Timer 2, Counter 2 BCD or binary; the Counter Operational Mode; the 


Read/Write Selection status; the Null count, also re- 


Default Value: 020000XxD ferred to as the Count Register Status; and the cur- 
Attribute: Read Only rent State of the counter OUT pin. 
Size: 8 bits per counter 
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C= [=] * om 


Counter Selection(WO) Reserved 
00=latch Counter 0 


01=latch Counter 1 Specifies Counter Latch Command 


10=latch Counter 2 Must be 00 to designate command 
11=Select Read Back Command 


Note: The "x" bits are undefined following a RESET or power-up. The controller 
must be programmed to initialize these bits. 
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Figure 3-44. Timer Status Byte Format Register 


Table 3-47. Timer Status Byte Format Register 


Description 3 | 


COUNTER OUT PIN STATE: When this bit is a ‘‘1”’, the OUT pin of the counter is also a “1”. 
When this bit is a “0”, the OUT pin of the counter is also a “0”. 


COUNT REGISTER STATUS: Also referred to as Null Count, indicates when the last count 
written to the Count Register (CR) has been loaded into the counting element (CE). The exact 
time this happens depends on the counter Mode and is described in the Mode definitions, but until 
the count is loaded into the counting element (CE), it can’t be read from the counter. If the count 
is latched or read before the load time, the count value returned will not reflect the new count 
written to the register. When Bit 6 is a ‘‘0’’, the count has been transferred from CR to CE and is 
available for reading. When Bit 6 is a “1”, the Null count condition exists. The count has not been 


transferred from CR to CE and is not yet available for reading. 


READ/WRITE STATUS: Bits[5:4] reflect the read/write selection made through Bits[5:4] of the 
control register. The binary codes returned during the status read match the codes used to 
program the counter read/write selection. 


MODE SELECTION STATUS: Bits[3:1] return the counter mode programming. The binary code 
returned matches the code used to program the counter mode, as listed under the bit function 
above. 


COUNTDOWN TYPE STATUS: Bit 0 reflects the current countdown type, either 0 for binary 
countdown or a 1 for binary coded decimal (BCD) countdown. 
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3.3.5 COUNTER ACCESS PORTS Each of these I/O ports is used for writing count 
values to the count registers; reading the current 
Register Name: Counter Access Ports count value from the counter by either an I/O read, 
Register Location: 040h—Timer 1, Counter 0 after a counter-latch command, or after a read-back 
041h—Timer 1, Counter 1 command; and reading the Status byte following a 

042h—Timer 1, Counter 2 read-back command. 


048h—Timer 2, Counter 0 
04Ah—Timer 2, Counter 2 


Default Value: xxh 
Attribute: Read/Write 
Size: 8 bits per counter 


0 Bit 
Default 


Counter Access (R/W) 
Writes to counters, reads from 
both counters and status. 


Note: These bits are undefined following a RESET or power-up. The 


controller must be programmed to initialize these bits. 
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Figure 3-45. Counter Access Ports Register 


Table 3-48. Counter Access Ports Register 


Description 


COUNTER ACCESS: Each counter I/O port address is used to program the 16-bit count register. 
The order of programming, either LSB only, MSB only, or LSB then MSB, is defined with the 
Counter Control register at |/O port address 043h. The counter I/O port is also used to read the 
current count from the count register, and return the status of the counter programming following 
a read-back command. 
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3.4 Interrupt Controller Registers 


The ESC contains an EISA compatible interrupt con- 
troller that incorporates the functionality of two 
82C59 interrupt controllers. The interrupt registers 
control the operation of the interrupt controller and 
can be accessed from the EISA Bus via I/O space. 
This section describes the Interrupt registers. The 
operation of the Interrupt Controller is described in 
Chapter 9.0. 


3.4.1 ICW1—INITIALIZATION COMMAND 
WORD 1 


Register Name: __ Initialization Command Word 1 


Register Location: 020h—INT CNTRL-1 
OAOh—INT CNTRL-2 


Default Value: xxh 
Attribute: Write Only 
Size: 8 bits per controller 


A write to Initialization Command Word One starts 
the interrupt controller initialization sequence. Ad- 
dresses 020h and OAOh are referred to as the base 
addresses of CNTRL-1 and CNTRL-2 respectively. 


An |/O write to the CNTRL-1 or CNTRL-2 base ad- 
dress with Bit 4 equal to 1 is interpreted as ICW1. 
For ESC-based EISA systems, three I/O writes to 
“base address + 1” must follow the ICW1. The first 
write to “base address + 1” performs ICW2, the 
second write performs ICW3, and the third write per- 
forms ICW4. 


ICW/OCW select (WO) 
1=ICW1 command word 
O=destination not ICW1 


Reserved 


iy 
s," 


® 
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ICW1 starts the initialization sequence during which 

the following automatically occur: 

1. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IRQ) 
input must make a low-to-high transition to gener- 
ate an interrupt. 

. The Interrupt Mask register is cleared. 

. IRQ7 input is assigned priority 7. 

. The slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is 
set to IRR. . 


6. If IC4 was set to ‘0’, then all functions selected 
by ICW4 are set to zero. However, ICW4 must be 
programmed in the ESC implementation of this 
interrupt controller, and |C4 must be set to a “1”. 


nr WD MY 


ICW1 has three significant functions within the ESC 
interrupt controller configuration. |CW4 is needed, 
so Bit O must be programmed to a “1”. There are 
two interrupt controllers in the system, so Bit 1, 
SNGL, must be programmed to a 0 on both CNTRL- 
1 and CNTRL-2, to indicate a cascade configuration. 
Bit 4 must be a 1 when programming ICW1. OCW2 
and OCW3 are also addressed at the same port as 
ICW1. This bit indicates that ICW1, and not OCW2 or 
OCWS, will be programmed during the write to this 
port. 


Bit 2, ADI, and Bits [7:5], A7—A5, are specific to an 
MSC-85 implementation. These bits are not used by 
the ESC interrupt controllers. Bits [7:5,2] should 
each be initialized to ‘‘0”’. 


IC4 - ICW4 Write Required(WO) 
1=ICW4 needed 


0=Reserved by ESC 


SNGL - Single or Cascade(WO) 
1=Single Controller 
O0=Cascade Mode 
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Figure 3-46. Initialization Command Word 1 Register 
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Table 3-49. Initialization Command Word 1 Register 


RESERVED: A7-A5 are MCS-85 implementation specific bits. They are not needed by the ESC. 
These bits should be 000b when programming the ESC. 


ICW/OCW SELECT: Bit 4 must be a 1 to select ICW1. After the fixed initialization sequence to 
ICW1, ICW2, ICW3, and ICW4, the controller base address is used to write to OCW2 and OCW3S. 
Bit 4 is a 0 on writes to these registers. A 1 on this bit at any time will force the interrupt controller 
to interpret the write as an ICW1. The controller will then expect to see ICW2, ICW3, and ICW4. 


RESERVED: This bit is not used in the ESC. 
RESERVED: ADI: Ignored for the ESC. 


SNGL: This bit must be programmed to a 0 to indicate that two interrupt controllers are operating 
in cascade mode on the ESC. 


IC 4: This bit must be set to a “1”. IC4 indicates that |CW4 needs to be programmed. The ESC 
requires that |CW4 be programmed to indicate that the controllers are operating in an 80x86 type 


system. 
3.4.2 ICW2—INITIALIZATION COMMAND ICW2 is used to initialize the interrupt controller with 
WORD 2 the five most significant bits of the interrupt vector 
address. The value programmed for Bits[7:3] is used 
Register Name: _ Initialization Command Word 2 by the CPU to define the base address in the inter- 
Stes : rupt vector table for the interrupt routines associated 
eo leno a with each IRQ on the controller. Typical ISA ICW2 
values are 04h for CNTRL-1 and 70h for CNTRL-2. 
Default Value: xxh Section 9.8.1 of the Interrupt Unit Functional De- 
Attribute: Write Only scription contains a table detailing the interrupt vec- 
Size: 8 bits per controller tors for each interrupt request level, as they would 


appear when the vector is driven onto the data bus. 


ee 
interrupt Request Level(WO) 
Must be O's on write. 
Interrupt Vector Base Address(WO) 


Five most-significant bits of interrupt 
vector address. 


Note: These bits are undefined following a RESET or power-up. The 


controller must be programmed to initialize these bits. 
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Figure 3-47. Initialization Command Word 2 Register 
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Table 3-50. Initialization Command Word 2 Register 


INTERRUPT VECTOR BASE ADDRESS: Bits [7:3] define the base address in the interrupt 
vector table for the interrupt routines associated with each interrupt request level npe For 
CNTRL-1, a typical value is 00001b, and for CNTRL-2, 10000b. 


The interrupt controller combines a binary code representing the interrupt level to receive service 
with this base address to form the interrupt vector that is driven out onto the bus. For example, the 


complete interrupt vector for IRQ[0] (CNTRL-1), would be 0000 1000b (CNTRL-1 [7:3] 


= 00001b 


and 000b representing IRQ([0]). This vector is used by the CPU to point to the address information 


that defines the start of the interrupt routine. 


INTERRUPT REQUEST LEVEL: When writing |CW2, these bits should all be “0”. During an 
interrupt acknowledge cycle, these bits will be programmed by the interrupt controller with the 
interrupt code representing the interrupt level to be serviced. This interrupt code is combined with 
Bits [7:3] to form the complete interrupt vector driven onto the data bus during the second INTA# 
cycle. The table in Section 9.8.1 outlines each of these codes. The code is a simple three bit 
binary code: 000b represents IRQO (IRQ8), 001b IRQ1 (IRQ9), 010b IRQ2 (IRQ10), and so on 


until 111b IRQ7 (IRQ15). 


3.4.3 ICW3—INITIALIZATION COMMAND 
WORD 3 (MASTER) 


Initialization Command Word 3— 
Controller 1—Master Unit 


Register Location: 021h—INT CNTRL-1 


Register Name: 


Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


The meaning of ICW3 differs between CNTRL-1 and 
CNTRL-2. On CNTRL-1, the master controller, |ICW3 
indicates which CNTRL-1 IRQ line physically con- 
nects the INT output of CNTRL-2 to CNTRL-1. ICW3 
must be programmed to 04h, indicating the cascade 
of the CNTRL-2 INT output to the IRQ[2] input of 
CNTRL-1. 


An interrupt request on IRQ2 causes CNTRL-1 to 
enable CNTRL-2 to present the interrupt vector ad- 


dress during the second interrupt acknowledge cy- 
Cle. 


0 Bit 
Default 


Cascade Interrupt Controller IRQs (WO) 
1=Controller connected to IRQ[x] input 
0=Controller not connected to IRQ[x] input 


Note: These bits are undefined following a RESET or power-up. The 
controller must be programmed to initialize these bits. 
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Figure 3-48. Initialization Command Word 3 Register (Master) 
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Table 3-51. Initialization Command Word 3 Register (Master) 


Description 


CASCADE INTERRUPT CONTROLLER IRQs: Bits [7:3] and Bits [1:0] must be programmed to 


=U. 


CASCADE INTERRUPT CONTROLLER IRQs: Bit 2 must always be programmed to a “1”. This 
bit indicates that CNTRL-2, the slave controller, is cascaded on interrupt request line two 
(IRQ[2]). When an interrupt request is asserted to CNTRL-2, the IRQ goes through the priority 
resolver. After the slave controller priority resolution is finished, the INT output of CNTRL-2 is 
asserted. However, this INT assertion does not go directly to the CPU. Instead, the INT 
assertion cascades into IRQ([2] on CNTRL-1. IRQ[2] must go through the priority resolution 
process on CNTRL-1. If it wins the priority resolution on CNTRL-1 and the CNTRL-1 INT signal 
is asserted to the CPU, the returning interrupt acknowledge cycle is really destined for CNTRL- 
2. The interrupt was originally requested at CNTRL-2, so the interrupt acknowledge is destined 
for CNTRL-2, and not a response for IRQ[2] on CNTRL-1. 


When an interrupt request from IRQ([2] wins the priority arbitration, in reality an interrupt from 
CNTRL-2 has won the arbitration. Because Bit 2 of |CW3 on the master is set to “1”, the master 
knows which identification code to broadcast on the internal cascade lines, alerting the slave 
controller that it is responsible for driving the interrupt vector during the second INTA# pulse. 
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3.4.4 ICW3—INITIALIZATION COMMAND 
WORD 3 (SLAVE) 


Initialization Command Word 3— 
Controller 2—Slave Unit 


Register Location: INT CNTRL-2 Port Address— 


Register Name: 


OA1h 
Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


On CNTRL-2 (the slave controller), ICW3 is the 
slave identification code broadcast by CNTRL-1 
from the trailing edge of the first INTA# pulse to the 
trailing edge of the second INTA# pulse. CNTRL-2 
compares the value programmed in ICW3 with the 
incoming identification code. The code is broadcast 
over three ESC internal cascade lines. ICW3 must 
be programmed to 02h for CNTRL-2. When 010b is 


a 


e 
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broadcast by CNTRL-1 during the INTA# sequence, 
CNTRL-2 assumes responsibility for broadcasting 
the interrupt vector during the second interrupt ac- 
knowledge cycle. 


As an illustration, consider an interrupt request on 
IRQ(2] of CNTRL-1. By definition, a request on 
IRQ[2] must have been asserted by CNTRL-2. If 
IRQ([2] wins the priority resolution on CNTRL-1, the 
interrupt acknowledge cycle returned by the CPU 
following the interrupt is destined for CNTRL-2, not 
CNTRL-1. CNTRL-1 will see the INTA# signal, and 
knowing that the actual destination is CNTRL-2, will 
broadcast a slave identification code across the in- 
ternal cascade lines. CNTRL-2 will compare this in- 
coming value with the 010b stored in ICW3. Follow- 
ing a positive decode of the incoming message from 
CNTRL-1, CNTRL-2 will drive the appropriate inter- 
rupt vector onto the data bus during the second in- 
terrupt acknowledge cycle. 


7° ops 4’. 3 


Reserved 


Slave Identification Code(WO) 
010b identifies the IRQ line that 


CNTRL-2 is cascaded on. 


Note: These bits are undefined following a RESET or power-up. The 


controller must be programmed to initialize these bits. 
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Figure 3-49. Initialization Command Word 3 Register (Slave) 


Table 3-52. Initialization Command Word 3 Register (Slave) 
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Description 
RESERVED: Must be 0. 


SLAVE IDENTIFICATION CODE: The Slave Identification code must be programmed to 010b 
during the initialization sequence. The code stored in ICW3 is compared to the incoming slave 
identification code broadcast by the master controller during interrupt acknowledge cycles. 


| 
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3.4.5 ICW4—INITIALIZATION COMMAND 
WORD 4 


Register Name: _ Initialization Command Word 4 


Register Location: 021h—INT CNTRL-1 
OA1h—INT CNTRL-2 


Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


Both ESC interrupt controllers must have ICW4 pro- 
grammed as part of their initialization sequence. 
Minimally, the microprocessor mode bit, Bit 0, must 
be set to a 1 to indicate to the controller that it is 
operating in an 80x86 based system. Failure to pro- 


Reserved 


SFNM - Special Fully Nested Mode (WO) 

1=Enabled 

O=Disabled Master/Slave Buffer Mode(WO) 
Ox=Non buffered mode 
10=Buffer mode/slave 
11=Buffer mode/master 
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gram this bit will result in improper controller opera- 
tion during interrupt acknowledge cycles. Additional- 
ly, the Automatic End of Interrupt (AEOI) may be 
selected, as well as the Special Fully Nested Mode 
(SFNM) of operation. 


The default programming for |CW4 is 01h, which se- 
lects 80x86 mode, normal EOI, buffered mode, and 
special fully nested mode disabled. 


Bits 2 and 3 must be programmed to 0 for the ESC 
interrupt unit to function correctly. 


Both Bit 1, AEOI, and Bit 4, SFNM, can be pro- 
grammed if the system developer chooses to invoke 
either mode. 


Microprocessor Mode(WO) 
1=80x86 system 


O=MSC-85 system 


AEOI - Automatic End of Interrupt(WO) 
1=Auto EO! 
0=Normal EOI 
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Figure 3-50. Operation Control Word 1 Register 


Table 3-53. Operation Command Word 1 Register 


special fully nested mode is programmed. 


OOb. 


MASTER/SLAVE BUFFER MODE—BUF: Bit 3, BUF, must be programmed to 0 for the ESC. This 
is non-buffered mode. As illustrated in Figure 3-50, different programming options are offered for 
Bits 2 and 3. However, within the ESC interrupt unit, Bits 2 and 3 must always be programmed to 


AEOI: Bit 1, AEOI, should normally be programmed to “0’’. This is the normal end of interrupt. If 
AEOI = 1, the automatic end of interrupt mode is programmed. 


MICROPROCESSOR MODE: The Microprocessor Mode bit must be programmed to 1 to indicate 
that the interrupt controller is operating in an 80x86 based system. Never program this bit to “O”’. 


Description 
RESERVED: Must be 0. 


SFNM: Bit 4, SFNM, should normally be disabled by writing a 0 to this bit. If SFNM = 1, the 
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3.4.6 OCW1—OPERATION CONTROL WORD 1 


Register Name: Operation Control Word 1 


Register Location: 021h—INT CNTRL-1 
OA1h—INT CNTRL-2 


Default Value: xxh 
Attribute: Read/Write 
Size: 8 bits 


OCW1 sets and clears the mask bits in the interrupt 
Mask register (IMR). Each interrupt request line may 
be selectively masked or unmasked any time after 
initialization. A single byte is written to this register. 
Each bit position in the byte represents the same- 
numbered channel: BitO = IRQ[O], Bit 1 = IRQ[1] 
and so on. Setting the bit to a 1 sets the mask, and 
clearing the bit to a O clears the mask. Note that 


2 

intel. 
masking IRQ(2] on CNTRL-1 will also mask all of 
controller 2’s interrupt requests (IRQ8-IRQ15). 


Reading OCW1 returns the controller's mask regis- 
ter status. | 


The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 


Unlike status reads of the ISR and IRR, for reading 
the IMR, no OCW3 is needed. The output data bus 
will contain the IMR whenever I/O read is active and 
the I/O port address is 021h or OA1h (OCW1). — 


All writes to OCW1 must occur following the ICW1- 


ICW4 initialization sequence, since the same I/O 
ports are used for OCW1, ICW2, ICW3 and ICW4. 


Bit 
Default 


Interrupt Request Mask (R/W) 
1=Set IRQ[x] mask 
O=Reset IRQ[x] mask 
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Figure 3-51. Operation Control Word 1 Register 


Table 3-54. Operation Control Word 1 Register 


channel is masked. 


is physically cascaded to IRQ([2]. 
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Description 


INTERRUPT REQUEST MASK: When a 1 is written to any bit in this register, the corresponding 
IRQ[x] line is masked. For example, if Bit 4 is set to a “1”, then IRQ([4] will be masked. Interrupt 
requests on IRQ[4] will not set Channel 4’s interrupt request register (IRR) bit as long as the 


When a 0 is written to any bit in this register, the corresponding IRQ[x] mask bit is cleared, and 
interrupt requests will again be accepted by the controller. 


Note that masking IRQ[2] on CNTRL-1 will also mask the interrupt requests from CNTRL-2, which 
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3.4.7 OCW2—OPERATION CONTROL WORD 2 


Register Name: Operation Control Word 2 


Register Location: 0O20h—INT CNTRL-1 
OAOh—INT CNTRL-2 


Default Value: xxh 
Attribute: Write Only 
Size: 8 bits 


OCW2 controls both the Rotate Mode and the End 
of Interrupt Mode, and combinations of the two. The 


Rotate and EO! Codes(WO) 
Bit5-EOI, Bit6-SL, Bit7-R(rotate) 
001-Non specific EOI 
011-Specific EOI 


101-Rotate on non specific EO! 
100-Rotate in Auto EO! (set) 
000-Rotate in Auto EOI (clear) 
111-Rotate on Specific EOI command* 
110-Set Priority Command” | 
010-No Op 


* Interrupt Level Select is used 
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three high order bits in an OCW2 write represent the 
encoded command. The three low order bits are 
used to select individual interrupt channels during 
three of the seven commands. The three low order 
bits (labeled L2, L1 and LO) are used when Bit 6, the 
SL bit, is set to a 1 during the command. 


Following a reset and ICW initialization, the control- 
ler enters the fully nested mode of operation. Non- 
specific EOI without rotation is the default. Both 
rotation mode and specific EOI mode are disabled 
following initialization. 


Default 


Interrupt Level Select(WO) 
000-IRQ0,IRQ8 
001-IRQ1,IRQ9 
010-IRQ2,IRQ10 
011-IRQ3,IRQ11 
100-IRQ4,IRQ12 
101-IRQ5,IRQ13 
110-IRQ6,IRQ14 
111-IRQ7,IRQ15 
OCW2 Select (WO) 
00=Select OCW2 
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Figure 3-52. Operation Control Word 2 Register 
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Table 3-55. Operation Control Word 2 Register 


ROTATE AND EOI CODES: R, SL, EOi—These three bits control the Rotate and End of Interrupt 
modes and combinations of the two. A chart of these combinations is listed above under the bit 


definition. 
Bit7 Bité6 Bit5 


Function 


1 Non-specific EO! command 
Specific EO! Command 
Rotate on Non-Specific EO] Command 
Rotate in Auto EOI Mode (Set) 
Rotate in Auto EOI Mode (Clear) 
Rotate on Specific EO| Command* 
Set Priority Command* 


No Operation 
*LO-L2 Are Used 


OCW2 SELECT: When selecting OCW2, Bits 3 and 4 must both be “‘O”. If Bit 4 is a “1”’, the 
interrupt controller interprets the write to this port as an ICW1. Therefore, always ensure that 
these bits are both 0 when writing an OCW2. 


INTERRUPT LEVEL SELECT (L2, L1, LO): L2, L1, and LO determine the interrupt level acted 
upon when the SL bit is active. A simple binary code, outlined above, selects the channel for the 
command to act upon. When the SL bit is inactive, these bits do not have a defined function; 
programming L2, L1 and LO to 0 is sufficient in this case. 


Bit2 Biti BitO 
0 0 0 


Interrupt Level 
IRQ 0(8) 

0 IRQ 1(9) 
1 IRQ 2(10) 
1 IRQ 3(11) 
0 IRQ 4(12) 
0 IRQ 5(13) 
1 IRQ 6(14) 
1 IRQ 7(15) 


3.4.8 OCW3—OPERATION CONTROL WORD 3 


Register Name: Operation Control Word 3 


Register Location: 020h—INT CNTRL-1 
OAOh—INT CNTRL-2 


Default Value: x01xxx10b 
Attribute: Read/Write 
Size: 8 bits 


OCWS3 serves three important functions; Enable 
Special Mask Mode, Poll Mode control, and IRR/ 
ISR register read control. 


First, OCW3 is used to set or reset the Special Mask 
Mode (SMM). The Special Mask Mode can be used 
by an interrupt service routine to dynamically alter 
the system priority structure while the routine is exe- 
cuting, through selective enabling/disabling of the 
other channel’s mask bits. 


1-314 


Second, the Poll Mode is enabled when a write to 
OCWS is issued with Bit 2 equal to “1”. The next I/O 
read to the interrupt controller is treated like an inter- 
rupt acknowledge; a binary code representing the 
highest priority level interrupt request is released 
onto the bus. 


Third, OCW3 provides control for reading the In- 
Service Register (ISR) and the Interrupt Request 
Register (IRR). Either the ISR or IRR is selected for 
reading with a write to OCW3. Bits 0 and 1 carry the 
encoded command to select either register. The 
next 1/O read to the OCW3 port address will return 
the register status specified during the previous 
write. The register specified for a status read is re- 
tained by the interrupt controller. Therefore, a write 
to OCW3 prior to every status read command is un- 
necessary, provided the status read desired is from 
the register selected with the last OCW3 write. 


j ntel ; 82374EB 


Reserved Register Read Command(R/W) 
| 00=No Action 

00=No Action 
10=Read IRQ Register 
11=Read IS Register 

Poll Mode Command(R/W) 

O=No Poll Command 

1=Poll Command 

Enable Special Mask Mode(R/W) OCWS3S Select(R/W) 

1=Enable Bit 6 to set or reset SMM 01=Select OCW3 

0=Disable Bit 6 for SMM 


SMM - Special Mask Mode(R/W) 
1=Set Special Mask Mode 


O=Reset Special Mask Mode 


Note: The "x" bits are undefined following a RESET or power-up. The 
controller must be programmed to initialize these bits. 
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Figure 3-53. Operation Control Word 3 Register 


Table 3-56. Operation Control Word 3 Register 


Description 
RESERVED: Must be 0. 


SMM: If ESMM = 1 and SMM = 1 the Interrupt Controller will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0 the Interrupt Controller will revert to normal mask mode. When 
ESMM = 0, SMM has no effect. 


ENABLE SPECIAL MASK MODE: When this bit is set to 1 it enables the SMM bit to set or reset 
the Special Mask Mode. When ESMM = 0 the SMM bit becomes a “don’t care”’. 


OCW3 SELECT: When selecting OCW3, Bit 3 must be a 1 and Bit 4 must be “O”’. If Bit 4 is a ‘‘1”, 
the Interrupt Controller interprets the write to this port as an ICW1. Therefore, always ensure that 
Bits[4:3] are ‘‘01b” when writing an OCWS. 


POLL MODE COMMAND: When Bit 2 is a ‘0’, the Poll command is not issued. When Bit 2 is a 
“4” the next I/O read to the Interrupt Controller is treated as an Interrupt Acknowledge cycle. An 
encoded byte is driven onto the data bus, representing the highest priority level requesting 


service. 


REGISTER READ COMMAND: Bits [1:0] provide control for reading the In-Service Register (ISR) 
and the Interrupt Request Register (IRR). When bit 1 = 0, bit 0 will not affect the register read 
selection. When bit 1 = 1, bit 0 selects the register status returned following an OCW3 read. If bit 
0 = O, the IRR will be read. If bitO = 1, the ISR will be read. Following ICW initialization, the 
default OCW3 port address read will be “read IRR”. To retain the current selection (read ISR or 
read IRR), always write a 0 to bit 1 when programming this register. The selected register can be 
read repeatedly without reprogramming OCWS. To select a new status register, OCW3 must be 
reprogrammed prior to attempting the read. 
Bit1  BitO Function 

0 No Action 

1 No Action 

0 Read IRQ Register 

1 Read |S Register 
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3.4.9 EDGE/LEVEL CONTROL REGISTER The Edge/Level Control Register is used to set the 
interrupts to be triggered by either the signal edge or 

Register Name: Edge/Level Control the logic level. INTO, INT1, INT2, INT8, INT13 must 
Register Location: 04D0h—INT CNTRL-1 be set to edge sensitive. After a reset all the INT 
04D1h—INT CNTRL-1 signals are set to edge sensitive. Table 3-57 shows 


which bit numbers represent the various INT signals. 
Default Value: 00h 


Attribute: Read/Write 
Size: 8 bits 


Bit 
Default 
Edge/Level Control(R/W) 


Bit Port 04D0h Port 04D1h 
0 INTO INT8 


INT1 INT9 

INT2 INT10 
INT3 INT11 
INT4 INT12 
INT5 INT13 
INT6 INT14 
INT7 INT15 
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Figure 3-54. Edge/Level Select Register 
Table 3-57. Edge/Level Select Register 


Description 


EDGE/LEVEL SELECT: The bits select if the interrupts are triggered by either the signal edge or 
the logic level. A 0 bit represents an edge sensitive interrupt, and a 1 is for level sensitive. Bit[2:0] 
and bit 13 are must always be set to 0. After a reset or power-on these registers are set to 00h. 


1-316 


intel. 


3.4.10 NMI STATUS AND CONTROL REGISTER 


Register Name: NMI Status and Control 
Register Location: 061h 

Default Value: 00h 

Attribute: Read/Write 

Size: 8 bits 


This register is used to check the status of different 
system components, control the output of the 
Speaker Counter (Timer 1, Counter 2), and gate the 
counter output that drives the SPKR signal. 


Bits 4, 5, 6, and 7 are read-only. When writing to this 
port, these bits must be written as 0’s. Bit 6 returns 
the IOCHK# NMI status. This input signal comes 
from the EISA bus. It is used for parity errors on 
memory cards plugged into the bus, and for other 
high priority interrupts. The current status of Bit 3 
enables or disables this IOCHK# NMI source. Bit 5 
is the current state of the OUT pin of Timer 1, Coun- 
ter 2. Bit 4 toggles from 1-0 or from 0-1 after every 


System Board Error (RO) 
1=PERR# is low (active), NMI requested 
O0=No PERR# from System Board 


IOCHK# NMI Source(RO) 
1=IOCHK# is low(active), NMI requested 
O=No NMI interrupt from IOCHK# 


Timer 1, Counter 2 OUT (RO) 
1=Out value is 1 
0=Out value is 0 


Refresh Cycle Toggle (RO) 
Toggles every Refresh cycle 
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Refresh cycle. Following reset, Bits 4 and 6 are both 
“0”. Bit 5 is undetermined until Counter 2 is properly 
programmed. Bit 7 returns the PCI System Board 
Parity Error status (PERR#). If “0”, Bit 7 indicates 
that PERR # was not pulsed active by a PCI agent. If 
“1”, Bit 7 indicates that PERR# was pulsed active 
by a PCI agent and that an NMI will be issued to the 
CPU. This NMI can be disabled with Bit 2 of this 

register. : 


Bits 0-3 are both read and write. Bit 0 is the GATE 
input signal for Timer 1, Counter 2. The GATE input 
is used to disable counting in Counter 2. The Coun- 
ter 2 output is ANDed with Bit 1 to form the SPKR 
output signal. Bit 1 gates the Counter 2 OUT value. 
When Bit 1 is disabled, the SPKR signal is disabled; 
when Bit 1 is enabled, the SPKR output follows the 
value at the OUT pin of Counter 2. The Counter 2 
OUT pin status can be checked by reading port 
061h and checking Bit 5. Bit 2 is used to enable the 
system board error (ERR #) signal. Bit 3 enables or 
disables the incoming IOCHK# NMI signal from the 
expansion bus. Each of these Bits is reset to 0 fol- 
lowing reset. 


Timer 1, Counter 2 Gate Enable(R/W) 
1=Enabled 
O=Disabled 


Speaker Data Enabled(R/W) 
1=Enabled 
O0=Disabled 


PCI System Board Error(R/W) 
1=PERR# Disabled and Cleared 
0=PERR# Enabled 


IOCHK# NMI Enable(R/W) 
1=Disabled and Cleared 
O=Enabled 
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Figure 3-55. NMI Status and Control Register 
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Table 3-58. NMI Status and Control Register 


SYSTEM BOARD ERROR: Bit 7 is set if a system board agent (PCI devices or main memory) 
detects a system board error and pulses the PCI ERR # line. This interrupt is enabled by setting 
Bit 2 to “0”. To reset the interrupt, set Bit 2 to 0 and then set it to “1”. This bit is read-only. When 
writing to port O61h, Bit 6 must be a “0”. 


IOCHK # NMI SOURCE: Bit 6 is set if an expansion board asserts IOCHK# on the ISA/ESC bus. 
This interrupt is enabled by setting Bit 3 to “0’’. To reset the interrupt, set Bit 3 to 0 and then set it 
to 1”. This bit is read-only. When writing to port 061h, Bit 6 must be a “0”. 


TIMER 1, COUNTER 2: The Timer 1, Counter 2 OUT signal state is reflected in Bit 5. The value on 
this bit following a read is the current state of the Counter 2 OUT signal. Counter 2 must be 
programmed following a reset for this bit to have a determinate value. Bit 5 is read-only. When 
writing to port O61h, Bit 5 must be a “0”. 


REFRESH CYCLE TOGGLE: The Refresh Cycle Toggle signal toggles from either 0 to 1 or 1 to 0 
following every refresh cycle. This bit is a 0 following reset. This bit is read-only. When writing to 


port 061h, Bit 4 must be a “0”. 


IOCHK # NMI ENABLE: When Bit 3 is a “1”, IOCHK # NMI’s are disabled and cleared, and when 
Bit 3 is a “0”, IOCHK# NMI’s are enabled. Following reset, Bit 3 is reset to 0 and IOCHK # NMI’s 
are enabled. 


PCI SYSTEM BOARD ERROR: When Bit 2 is a “1’’, the system board error is disabled and 
cleared. When Bit 2 is a “0”, the system board parity error is enabled. Following reset, Bit 2 is a 
“Q”’, and system board errors are enabled. 


SPEAKER DATA ENABLE: Speaker Data Enable is ANDed with the Timer 1, Counter 2 OUT 
signal to drive the SPKR output signal. When Bit 1 is a “0”, the result of the AND is always 0 and 
the SPKR output is always “0”. When Bit 1 is a “1”, the SPKR output is equivalent to the Counter 
2 OUT signal value. Following reset, Bit 1 is a0 and the SPKR output is low. 


TIMER 1, COUNTER 2 GATE ENABLE: When Bit 0 is a “0”, Timer 1, Counter 2 counting is 
disabled. Counting is enabled when Bit 0 is a “1”. This bit controls the GATE input to Counter 2. 
Following reset, the value of this bit is 0 and counting is disabled. 
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3.4.11 NMI CONTROL AND REAL-TIME CLOCK The Mask register for the NMI interrupt is at |/O ad- 


ADDRESS dress 070h. The most-significant bit enables or dis- 

ables all NMI sources including PERR#, SERR#, 

Register Name: NMI Enable/Disable and Real- lIOCHK#, Fail-Safe Timer, Bus Timeout, and the 
Time Clock Address NMI Port. Write an 80h to port 70h to mask the NMI 

Register Location: 070h signal. This port is shared with the real-time clock. 
The real-time clock uses the lower six bits of this 

Default Value: See below port to address memory locations. Writing to port 
Attribute: Write Only 70h sets both the enable/disable bit and the memo- 
Size: 8 bits ry address pointer. Do not modify the contents of 


this register without considering the effects on the 
state of the other bits. . 


NMI Enable(WO) Real-Time Clock Address(WO) 
1=Disabled RTC Memory Addressing 


O=Enabled 


Note: The "x" bits are undefined following a RESET or power-up. The controller 
must be programmed to initialize these bits. 
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Figure 3-56. NMI Control and Real-Time Clock Address 
Table 3-59. NMI Control and Real-Time Clock Address Register 


Description 


7 NMI ENABLE: Setting Bit 7 to a 1 will disable all NMI sources. Resetting the bit to a 0 enables the 
NMI interrupt. 


REAL-TIME CLOCK ADDRESS: Used by the Real-Time Clock on the Base |/O component to 
address memory locations. Not used for NMI enabling/disabling. 
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3.4.12 NMI EXTENDED STATUS AND 
CONTROL REGISTER 


NMI Extended Status and Con- 
trol 


Register Location: Port address-0461h 


Register Name: 


Default Value: See below 
Attribute: Read/Write 
Size: 8 bits 


This register is used to check the status of different 
system components, control the output of the 
Speaker Counter (Timer 1, Counter 2), and gate the 
counter output that drives the SPKR signal. 


Fail-Safe Timer Status (RO) 
1=NMI requested from timer 
O=No Fail Safe Timer NMI 


Bus Timeout Status(RO) 
1=8 ys or 32 ws Bus Timeout has occurred 
O=No Bus Timeout 


Software NMI Status(RO) 
1=NMI port NMI pending 
O=No write to NMI port 


Bus Timeout Status(RO) 
1=8 ys Bus Timeout occurred 
O=No Bus Timeout 


a 

Intel. 
Bits 4, 5, 6, and 7 are read-only. Bits 0-3 are both 
read and write. When writing to this port, these bits 
must be written as 0’s. Bit 7 returns the Fail-Safe 
Timer Status. This input comes from Timer 2, Coun- 
ter 0. The current status of Bit 2 enables or disables 
this Fail-Safe Timer NMI source. Bit 6 returns the 
Bus Timeout Status. Bit 6 is set if either a 64 BCLK 
or a 256 BCLK occurs. The current status of Bit 3 
enables or disables this Fail-Safe Timer NMI source. 
lf NMI is caused by a Bus Timeout, Bit 4 distin- 
guished between the 8 us (64 BCLK) and 32 us 
(256 BCLKk) timeout. Bit 5 is the current state of an 
1/O write to port 0462h. The current status of Bit 1 
enables or disables Software generated NMI. Bit 0 
controls the state of the RSTDRV output signal. If Bit 
0 is set to 1”, the RSTDRV signal is asserted and a 
system bus reset is performed. Bit 0 should be set 
long enough (>8 BCLKs) for the system bus devic- 
es to be properly reset. 


Bus Reset(R/W) 
1=Bus Reset Active (RSTDRV) 
O=Normal Bus Reset function 


Software NMI Enabie(R/W) 
1=Enabled 
0=Disabled 


Fail-Safe NMI Enable(R/W) 
1=Enabled 
O=Disabled and Cleared 


Bus Timeout Enable(R/W) 
1=Enabled 
0=Disabled and Cleared 
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Figure 3-57. NMI Extended Status and Control Register 
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Table 3-60. NMI Extended Status and Control Register 


FAIL-SAFE TIMER STATUS: This bit indicates the status of the Fail-Safe Timer. When Timer 2, 
Counter 0 count expires, this bit is set to a 1 if Bit 2 has previously been set to “1”. A value of 0 
indicates that the current NMI was not caused by the Fail-Safe Timer. A value of 1 indicates that 
the Fail-Safe timer has timed out. 


BUS TIMEOUT STATUS: This bit indicates the status of Bus master timeout logic. If this bit is “0”, 
the Bus Master timeout logic has not detected a bus timeout. If this bit is-‘1”’, the bus master 
timeout logic has detected a bus timeout. 


SOFTWARE NMI STATUS: This bit indicates the status of the Software NMI port writes. A write 
to 1/O port 0462 of any value will set this bit to 1 if Bit 1 is set to ‘1”’. If this bit is “O”’, the current 
NMI was not caused by a write to the NMI Port. If this bit is “1”, the current NMI was caused by a 
write to the NMI Port. 


BUS TIMEOUT STATUS: This bit indicates the status of the 8 ys EISA Bus master timeout event. 
If the bit is “0”, the current NMI was not caused by the 8 ys EISA bus master timeout. If this bit is 


“4” the current NMI was caused by this bus timeout. 


BUS TIMEOUT ENABLE: This bit enables/disables NMI EISA bus timeout. If this bit is “O’’, an 
NMI will not be generated for bus timeout. Also the NMI condition caused by the Bus timeout will 
be cleared. If this bit is 1 an NMI will be generated when Timer 2 Counter 0 count expires. 


FAIL-SAFE NMI ENABLE: This bit enables/disables NMI when the Fail-Safe Timer times out. If 
this bit is ‘O”, an NMI will not be generated when the Timer 2 Counter 0 count expires. Also the 
NMI condition caused by the Fail-Safe Timer will be cleared. If this bit is 1 an NMI will be 
generated when Timer 2 Counter 0 count expires. 


SOFTWARE NMI ENABLE: This bit enables/disables software generated NMI. If this Bit is “0”, a 
write to |/O port 0462h will not generate an NMI. If this bit is 1, NMI will be generated for a write to 
I/O port 0462h. 


BUS RESET: When Bit 0 is a “0”, RSTDRV signal functions as a normal reset drive signal. When 
Bit 0 is ‘‘1’”’, the RSTDRV signal is asserted. Following reset, Bit 0 is a “O” and the RSTDRV 
output is low. 
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3.4.13 SOFTWARE NMI GENERATION A write to this port with any data will cause an NMI. 
This port provides a software mechanism to cause 

Register Name: Software NMI Generation an NMI if interrupts are enabled. 

Register Location: 462h 

Default Value: xxh 

Attribute: Write Only 

Size: 8 bits 


7 0 Bit 


Software NMI port(WO) 
No specific pattern. 


Software write only. 
290476-60 


Figure 3-58. Software NMI Generation Register 


Table 3-61. Configuration RAM Page Register 


Bit # Description 


SOFTWARE NMI PORT: The bit pattern is not specific. A write to this port will generate a 
Software NMI if enabled. 


1-322 


intel 5 | | 82374EB 


3.5 EISA Configuration, Flo This register contains the Configuration RAM Page 
Support, aa Port 92h PPY address. During accesses to the Configuration RAM 


(0800h-O8FFh), the ESC drives the CPG[4:0] sig- 
nals with the value of Bits[4:0] of this register. The 
3.5.1 CONFIGURATION RAM PAGE REGISTER — = CPG[4:0] signals are connected to address pins 


ADDRI12:8] of the Configuration RAM. 
Register Name: Configuration RAM Page [12:8] of the Configuration 


Register Location: OCOOh 
Default Value: xxx00000b 
Attribute: Read/Write 
Size: 8 bits 


a4 ee a Bit 


aw. 
Reserved CRAM Page Address (R/W) 


The value is driven onto CPG[4:0] signals 
during accesses to Configuration Ram 
290476-61 


Figure 3-59. Configuration RAM Page Register 
Table 3-62. Configuration RAM Page Register 


ce TS 


RAM space. The SA[7:0] addresses select the location within this page during |/O accesses to 


CRAM PAGE ADDRESS: The value of these bits selects a specific page from the Configuration 
the Configuration RAM. 
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3.5.2 DIGITAL OUTPUT REGISTER 


Register Name: _ Digital Output 
Register Location: 03F2h (Primary), 0372h 


intel ‘ 
This register is used to prevent XBUSOE # from re- 
sponding to DACK2# during a DMA read access to 
a floppy controller on the ISA bus. If a second floppy 


(residing on the ISA bus) is using DACK2# in con- 
junction with a floppy on the X-Bus, this prevents the 


Secor) floppy on the X-Bus and the X-Bus transceiver from 
See sauabeaeui responding to an access targeted for the floppy on 
Attribute: Write only the ISA bus. This register is also located in the flop- 
Size: 8 bits py controller device. 


7 ee 4 3 2 


Ce [ome | ot 


Not Used : Not Used 


DMA Enable(WO) 

1=Assertion of DACK# will result in XBUSOE# 
being asserted 

0=DACK# will have no effect on XBUSOE# 
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Figure 3-60. Digital Output Register 


Table 3-63. Digital Output Register | 
NOT USED: These bits exist in the 82077 FDC. Refer to the 82077 data sheet for further details. 


a DMA ENABLE: When this bit is a 1, the assertion of DACK # will result in XBUSOE # being 


asserted. If this bit is 0, DACK2# has no effect on XBUSOE #. This port bit also exists on the 
82077 FDC. This bit defaults to disable (0). 


NOT USED: These bits exist in the 82077 FDC. Refer to the 82077 data sheet for further details. 
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3.5.3 PORT 92 REGISTER | This register is used to support the alternate reset 

. (ALTRST#), alternate A20 (ALTA20), power-on 
Register Name: Port 92 ’ password protection, and fixed disk light function 
Register Location: 92h (DLIGHT #). This register is only accessible if Bit 6 in 
Fasten ik feals 00100100b ‘iat Chip Select Enable B Register is set 
Attribute: Read/Write 
Size: 8 bits 


Fixed Disk Activity Light (R/W) ALTRST# Signal(R/W) 
00=Disk activity light is off (DLIGHT# high) 1=Signal is pulsed 
1x or x1=Disk activity light is on (DLIGHT# low) 0=Allows signal to be pulsed 


Reserved 
ALTA20 Signal (R/W) 


Not Used 1=Driven Actve 


Power on Password Protection(R/W) 0=Driven Inactive 


1=Enabled Reserved 
0=Disabled 


290476-63 


Figure 3-61. Port 92 Register 


Table 3-64. Port 92 Register 


FIXED DISK ACTIVITY LIGHT: These bits are used to turn the Fixed Disk Activity Light on and 
off. When either of these bits are set to a 1, the light is turned on (DLIGHT # driven active). To turn 
the light off, both of these bits must be 0. 


RESERVED: This bit is reserved and will always return a 1 when read. 


4 NOT USED: This bit is not used and will always return a 0 when read. 


nee POWER ON PASSWORD PROTECTION: A 1 on this bit enables power-on password protection 


by inhibiting accesses to the RTC memory for RTC addresses (port 70h) from 36h to 3Fh. This is 


accomplished by not generating RTCRD# and RTCWR # signals for these accesses. 


RESERVED: This bit is reserved and will always return a 1 when read. 


ALTA20 SIGNAL: Writing a 0 to this bit causes the ALTA20 signal to be driven low, Writing a 1 to 
this bit causes the ALTA20 signal to be driven high. 


ALTRST # SIGNAL: This read/write bit provides an alternate system reset function. This function 
provides an alternate means to reset the system CPU to effect a mode switch from, Protected 
Virtual Address Mode to the Real Address Mode. This provides a faster means of reset than is 
provided by the Keyboard controller. This bit is set to a 0 by a system reset. Writing a 1 to this bit 
will cause the ALTRST # signal to pulse active (low) for approximately 4 SYSCLK’s. Before 
another ALTRST # pulse can be generated, this bit must be written back to a 0. 
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3.5.4 LAST EISA BUS MASTER GRANTED This register contains information about which EISA 

REGISTER bus master most recently had control of the EISA 
bus. A bit read of 0 indicates that the corresponding 

Register Name: — Last EISA Bus Master Granted slot most recently was granted the bus. 

Register Location: 0464h 

Default Value: xxh 

Attribute: Read Only 

Size: 8 bits 


7 O Bit 


Last EISA Bus Master(RO) 
A bit[x] value of 1 indicates that 
slot[x] was most recently granted 


the bus 
290476-64 


Figure 3-62. Last EISA Bus Master Register 


Table 3-65. Last EISA Bus Master Register 


7:0 LAST EISA BUS MASTER: A value of 1 is placed in the bit position of the most recently granted 
EISA Bus Master. 
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4.0 ADDRESS DECODING 


The ESC contains an address decoder to decode 
EISA/ISA master cycles. The ESC address decoder 
uses the address line LA[31:2], and byte enable 
BE[3:0] # to decode EISA master cycles. For ISA 
master cycles, the ESC uses address line LA[31:2], 
SA[1:0], and high byte enable SHBE# for address 
decode. 


The ESC decodes the following set of addresses. 
1. BIOS memory space. 

2. |/O addresses contained within the ESC. 

3. Configuration registers. 

4. X-Bus Peripherals 


4.1 BIOS Memory Space 


The ESC supports a total of 512 Kbytes of BIOS. 
The ESC will assert the LBIOSCS# signal for mem- 
ory cycles decoded to be in the BIOS space. The 
512 Kbytes of BIOS includes the conventional 128 
Kbytes of BIOS and 384 Kbytes of enlarged BIOS. 


The 128 Kbytes conventional BIOS memory space 
is mapped at 1 MB boundary between memory ad- 
dress OOOEQOOOH—-OOOFFFFFh. The 128K conven- 
tional BIOS memory space is split into one 64K re- 
gion, and four 16K regions. These regions are Low 
BIOS region 1 (OOOEQOOOh-O00E3FFFh), Low BIOS 
region 2 (QOOE4000h-000E7FFFh), Low BIOS re- 
gion 3 (OOOE8000h-O00EBFFFh), and Low BIOS re- 
gion 4 (OOOECOOOh-O00EFFFFh) and High BIOS re- 
gion (OQOOFOOO0h-O00FFFFFh). The ESC will assert 


| 


82374EB 


the LBIOSCS# signal for memory cycles to these 
regions if the corresponding configuration bits in the 
BIOS Chip Select A register are set to enable (see 
Table 4-1). 


The conventional BIOS is aliased at multiple memo- 
ry regions. The aliased memory regions are at 
16 MB boundary (High BIOS only), 4 GB minus 1M 
boundary, and 4 GB boundary. The ESC will assert 
LBIOSCS# for memory cycles to these aliased re- 
gions if the corresponding configuration bits in the 
BIOS Chip Select B register are also set to enable 
(see Table 4-1). 


The ESC supported VGA BIOS on the motherboard 
by aliasing the VGA BIOS region to the conventional 
BIOS region. The VGA BIOS is accessed at memory 
region OOOOCO000h-O0000C7FFF. The VGA BIOS 
region is divided into a Low VGA _ region 
(OOOCO000h-O00C3FFFh) and a High VGA region 
(000C4000h-000C7FFFh). If the BIOS Chip Select 
B register bit 0 (Low VGA BIOS Enable) and bit 1 
(High VGA BIOS Enable) are set to enable, memory 
accesses to Low VGA BIOS region and High VGA 
BIOS region will be aliased to conventional Low 
BIOS region 1 and Low BIOS region 2 respectively 
and the ESC will assert LBIOSCS # 


The ESC supports the 384 Kbytes of enlarged BIOS 
as specified by the PCI specification. This 384 Kbyte 


_ region is mapped in memory space below the 4G 


aliased conventional BIOS. The enlarged BIOS is 
accessed between FFF80000h—FFFDFFFFh mem- 
ory space. If the enlarged BIOS is enabled in the 
BIOS Enable Chip Select 1 register bit 5 (Enlarged 
BIOS Enable), the ESC will assert LBIOSCS # signal 
for accesses to this region. 
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4GB | || FFFFFFFFh 
4GB-64KB E> once] FFFEFFFFh 
4GB-128KB "| FFFDFFFFh 


4GB-512KB FFF80000h 


4GB-1MB FFEFFFFFh 


4GB-(1MB-64KB) : ae 


4GB-(1MB-128KB) FFEEOOOOh 


16MB =] OOFFFFFFh 
16MB-64KB OOFFOOO00h 


OOOFFFFFh 


OO0FOO000h 
OOOEFFFFh 


OOOEO000h 


000C7FFFh 
000C0000h 


Figure 4-1. BIOS Memory Map 
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Table 4-1. BIOS Chip Select Enable Table 


Low | Low | Low | Low High | ENL Low | High 
BIOS | BIOS | BIOS | BIOS 
Memory Address Range En En En En ee “ee BIOS | BIOS 
1 2 3 4 En 
x 


000C0000h to OOOC3FFFh x Xx 
x ¥ X 
X 


< 
) 
i 
< 
© 
> 


LBIOSCS# 
Asserted 


oe 
frexsrestil Eh 
inseam td 


OOOFOO000h to OOOFFFFFh 

(960 KB to 1 MB) X 
OOFFOOOOh to OOFFFFFFh 
(16 MB-64 KB to 16 MB) 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


FFF80000h to FFFDFFFFh xX 
(4 GB-512 KB to 4G-128 KB) x 
FFFEOOOOh to FFFE3FFFh 
Yes 
Yes 


Yes 


Yes 


es = z= = a 2 i = a a, a 
1°) eo) Oo oO ie) (eo) Oo ie) Oo Oo co) 


Yes 


NOTES: 

1. “x” in the above table represents a don’t care condition. 

2. All the region control bits for the BIOS space are in the BIOS Chip Select A register and BIOS Chip Select 2 register at 
configuration offsets 42h and 43h respectively. 
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4.2 |/O Addr ontain ithin exception of DMA Scatter-Gather registers. The 
ps oon Senne © ew DMA Scatter-Gather registers default to the I/O ad- 
dresses 0410h to 043Fh upon reset. These registers 
The ESC integrates functions like DMA, Programma- Can be relocated by programming the Scatter-Gath- 
ble Interrupt Controller, and Timers. All the compati- fr Relocate Base Address register. The DMA Scat- 


bility registers associated with these functions are  ter-Gather registers can be relocated to I/O ad- 
also integrated into the ESC. The ESC also inte- dresses range xx10h-xx3Fh. 


grates some additional registers like EISA System ID 
register in order to reduce the overall chip count in Registers at |/O addresses 70h, 372h, and 3F2h are 


the system. shared registers between ESC and external logic. 
Port 70h is duplicated in the Real Time Clock logic. 

All the registers integrated in the ESC are located in Bit 3 of ports 372h and 3F2h reside in the ESC and 

the I/O range. These are 8-bit registers and are ac- the other bits reside in the Floppy Disk Controller. 


cessed through the ESC EISA interface. The ESC 
internal registers are at fixed I/O locations with the | Table 4-2 documents the I/O address to the ESC 


internal registers. 
Table 4-2. ESC I/O Register Address Map 
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OOOFh | 0000 |; 0000 


0020h | 0000 | 0000 /W | INT 1 Control Register 
0021h | 0000 | 0000 /W | INT 1 Mask Register 
; Configuration Address Index Register 
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0048h 1000 | R/W | Timer 2—Counter 0 Fail-Safe Timer 
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Table 4-2. ESC I/O Register Address Map (Continued) 
Address 


[FEDC | Ba9e | 7654 
0000 Timer 2 Counter 1—Reserved 

Timer 2 Counter 2 CPU Speed Control 
1011 Timer 2 Command Mode Register 
00x1 | R/W | NMI Status and Control 

0070h* 0111 | Oxx0 NMI Mask Register 

0080h 00 | R/W | DMA Page Register— Reserved DMA 


| 
< 
a] 
@ 


a 


sl 


Control 
Control 


0081h R/W | DMA Channel 2 Page Register 
0082h MA Channel 3 Page Register 
0083h 100x MA Channel 1 Page Register 
0084h 0000 | 100x | 0100 | R/W | DMA Page Register— Reserved DMA 
0085h 0000 | 100x | 0101 | R/W | DMA Page Register— Reserved DMA 
0086h 0000 | 100x | 0110} R/W | DMA Page Register— Reserved DMA 
0087h 0000 | 100x | 0111 | R/W DMA 
o089h 
008Bh 0000 | 100x | 1011 | R/W DMA 


008Ch | 0000 0000 | 100x | 1100 R/W | DMA Page Register— Reserved DMA 
0O08Dh | 0000 | 0000 | 100x | 1101 | R/W | DMA Page Register— Reserved DMA 
OO8Eh | 0000 | 0000 | 100x | 1110} R/W | DMA Page Register— Reserved DMA 


OO8Fh | 0000 | 0000 | 100x | 1111} R/W | DMA Refresh Page Register M 
0092h | 0000 | 0000 | 1001 | 0010 ystem Control Port Control 
00A0h | 0000 | 0000 NT 2 Control Register PIC 


-|00A1h | OOOO | 0000 | 101x |} xx01 | R/W | INT 2 Mask Register 
o0coh | 0000 | 0000 | 1100 | 000x | R/W | DMA2 CHO Base and Current Address 
0OC2h | 0000 | 0000 | 1100 | 001x | R/W | DMA2 CHO Base and Current Count 


=F 
= 
a 
gla/alg|z 
>) 
> > 


\s) 
= 
> 


00C4h 1100 R/W | DMA2 CH1 Base and Current Address 
00C6h 0000 DMA2 CH1 Base and Current Count 
00C8h MA2 CH2 Base and Current Address 
OOCAh DMA2 CH? Base and Current Count 
00CCh 1100 | 110x DMA2 CH3 Base and Current Address DMA 


OOCEh | 0000 | 0000 | 1100] 111x |} R/W | DMA2 CH3 Base and Current Count DMA 


o0D0h | 0000 | 0000 | 1101 | 000x | R/W | DMA2 Status(r) Command(w) Register 
}ooD2h | 0000 | 0000 | 1101 | 01x} WO | DMA2 Write Request Register 

DMA2 Write Single Mask Bit 

DMA2 Write Mode Register DMA 
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IW 

000 

(W 

IW 

IW 

WW 

IW 

IW 

011 | RW 
1010 DMA Chaining Mode Status/Interrupt Pending 

0 

R/W 

(W 


W 


011 DMA CH3 S-G Status Register 


W 


100x DMA2 Clear Byte Pointer 
01x DMA2 Master Clear 
10x DMA2 Clear Mask Register 
Secondary Floppy Disk Digital Output Register 
Primary Floppy Disk Digital Output Register 
1011 DMA1 Extended Mode Register 
01 DMA CHS S-G Status Register 
1110 DMA CH6 S-G Status Register 
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Table 4-2. ESC 1/O Register Address Map (Continued) 
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OOD8h 
OOFOh 
0372h & 
O3F2h & 
0400h 
0401h 
0402h 
0403h 
0404h 
0405h 
0406h 
0407h 
0408h 
0409h 
0410h 
0411h 
0412h 
0413h 
0415h 
0416h 
0417h 
0418h 
0419h 
041Bh 
041Dh 
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Table 4-2. ESC I/O Register Address Map (Continued) 


[FeDC [Base | 7656 | s210 


(o4ath | 0000 [ 0100 0010 | 000% 
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| RO_ 
RO | DMA CHO'S-G Descriptor Pointer Register ‘(DM 
[RO | DMA CHO'S-G Descriptor Pointer Register | DMA 
| RO | DMA CHO S-G Descriptor Pointer Register DMA 
'0424h | 0000 | 0100 | 0010] 0100] RO | DMA CH1 S-G Descriptor Pointer Register DMA 
'0425h | 0000 | 0100 | 0010] 0101] RO | DMA CH1 S-G Descriptor Pointer Register 
.0426n | 0000| 0100 | 0010|0110| RO _|DMACHIS-G Descriptor Pointer Register 

| RO 

| RO 

| RO_ 

| RO_ 

| RO_ 

/RO_ 

/RO_ 


> 


\s) 
= 
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: 
(oaaan 0000 | 0100 | 2010 | 1010 i 


DMA CH2 S-G Descriptor Pointer Register 
042Bh |} 0000 | 0100 | 0010| 1011 i ( 


DMA CH2 S-G Descriptor Pointer Register 
DMA CH2 S-G Descriptor Pointer Register 
042Ch | 0000 | 0100 | 0010 1100 DMA CHS S-G Descriptor Pointer Register 
/042Dh | 0000 | 0100 | 0010 | 1101 DMA CHS S-G Descriptor Pointer Register 
(042Eh | 0000 | 0100. 0010 | 1110 | RO- DMA CH3 S-G Descriptor Pointer Register 
042Fh | 0000 | 0100 | 0010| 1111] RO | DMA CHS S-G Descriptor Pointer Register 
0434h | 0000 | 0100 0100| RO | DMA CHS S-G Descriptor Pointer Register 
0435h | 0000 | 0100 | 0011} 0101] RO | DMACHS S.G Descriptor Pointer Register 
0000 | 0100 | 0011] 0110} RO | DMA CHS S-G Descriptor Pointer Register 
| RO- DMA CH5 S-G Descriptor Pointer Register 
0000 | 0100 | 0011 | 1000 | RO- DMA CH6 S-G Descriptor Pointer Register 
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DMA 
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DMA 
DMA 
DMA 
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043Ch | 0000 
043Dh | 0000 | 0100 | 0011} 1101] RO- DMA CH7 S-G Descriptor Pointer Register 

.043Eh | 0000 | 0100 | 0011| 1110| RO |DMACH7S-G Descriptor Pointer Register | DMA 
043Fh | 0000 | 0100 | 0011| 1111| RO_|DMACH7S-G Descriptor Pointer Register | DMA _ 
0480h | 0000 R/W DMA 
0481h R/W 
0482h 
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Table 4-2. ESC I/O Register Address Map (Continued) 


Address Block 
ro mya daam] | 
am 
owash [0000 | 0100 [000 010 Ww 
am OMA 
0000 | 0100 | 1000} 0111 | R/W DMA 
0488h | 0000 | 0100 | 1000 | 1000 | R/W DMA 


oO 
2) 
oO 
2) 
oO 
— 
oO 
oO 
— 
oO 
oO 
2) 
—s 


001 DMA CH6 High Page Register 
DMA CH7 High Page Register 
DMA CHS High Page Register 


1 Reserved 
0 | 1101 Reserved 


0000 | 0100 | 1000 | 1110 Reserved 
048Fh | 0000 | 0100 | 100x | 1111 | R/W | DMA Refresh High Page Register D 


0000 | 0100 0010 | R/W | Reserved 
jo4cen 
[O4CAn | 
O4CEh 
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100 DMA CH65 High Base and Current Count Register 
0000 | 0100 | 1100 DMA CH6 High Base and Current Count Register 


04CEh | 0000 | 0100 | 1100 DMA CH7 High Base and Current Count Register 
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1101 | 0000 | R/W | INT-1 Edge/Level Control Register PIC 
0001 | R/W | INT-2 Edge/Level Control Register PIC 
0010 | R/W | Reserved DMA 
0011 | R/W | Reserved DMA 


MA2 Chaining Mode 

1101 MA2 Extended Mode Register 
0111 | R/W | Reserved 

1101 | 1000 | R/W | Reserved 

R/W | Reserved D 
Reserved DMA 
Reserved 
1100 Reserved 
Reserved 
1110 Reserved 
1111 Reserved 3 D 
0000 | R/W | DMA CHO Stop Register Bits [7:2] DMA 
DMA CHO Stop Register Bits [15:8] 
DMA CHO Stop Register Bits [23:16] 
R/W | Reserved DMA 
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Table 4-2. ESC 1/O Register Address Map (Continued) 


[FeDC [Base | 7658] e210) ¥?* 
0000 


0 


04E6h | 0000 | 0100 | 1110] 0110] R/W | DMA CH1 Stop Register Bits [23:16] 
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04E8h | 0000 | 0100 | 1110 | 1000 | R/W | DMA CH? Stop Register Bits [7:2] 


DMA 
MA 
MA 

DMA 
MA 
MA 


D 
D 
D 
D 


O4ECh 


O4EEh | 0000 | 0100 


/W | DMA Ch2 Stop Register Bits [23:16] 


f Reserved 


/W | DMA CHG Stop Register Bits [7:2] 
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o4rah | 0000 | 0100 | 
or10 | R/W 
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O4F8h | 0000 | 0100 | 1111 | 100 / DMA CH6 Stop Register Bits [7:2] 


: 
1011 | R/ 
1101 | R/W | DMA CH7 Stop Register Bits [15:8] 

0111 | R/W | DMA CH7 Stop Register Bits [23:16] 

000 Board ID 


NOTES: 
*Port 70h resides in the ESC, in addition the lower 7 bits of Port 70h reside in Real Time Clock. 
& Bit 3 of ports 372h and 3F2h reside in the ESC while the other bits reside on the ISA bus. 
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4.3 Configuration Addresses 


ESC configuration registers are accessed through 
I/O registers 22h and 23h. These I/O registers are 
used as index address register (22h) and index data 
register (23h). The index address register is used to 
write the configuration register address. The data 
(configuration register address) in register 22h is 
used to decode a configuration register. The select- 
ed configuration register can be read or written to by 
performing a read or a write operation to the index 
data register at |/O address 23h. 


Table 4-3. Configuration Register Index Address 


Configuration . 
Offset Abbreviation | Register Name 


Revision ID 


O9h-3Fh Reserved 
40h Mode Select 


4th Reserved 


42h BIOSCSA BIOS Chip 
Select A 


43h BIOSCSB BIOS Chip 
Select B 


” 


44h-4Ch Reserved 


4Dh CLKDIV BCLK Clock 
Divisor 

4Eh PCSA Peripheral Chip 
Select A 

4Fh PCSB Peripheral Chip 
Select B 


EISA ID Byte 1 
EISA ID Byte 2 
EISA ID Byte 3 
EISA ID Byte 4 


Reserved 


Scatter-Gather 
Relocate Base 
Address 


54h-56h__ 


57h SGRBA 


6th . | PIRQRC1 PIRQ1# Route 
Control 


Configuration 
Offset 
62h PIRQRC2 PIRQ2# Route 
Control 
63h PIRQRC3 PIRQ3# Route 
| Control 
64h GPCSLAO General 
Purpose Chip 
Select 0 Base 
Low Address 
65h GPCSHAO General 
High Address 
General 
Purpose Chip 
GPCSLA1 General 
Purpose Chip 
Select 1 Base 
69h GPCSHA1 
6Ah _| GPCSM1 General 
Purpose Chip 
Select 1 Mask 
Purpose Chip 
Select 2 Base 
Low Address 


General 
Purpose Chip 
Select 1 Base 
High Address 


Purpose Chip 
66h GPCSMO 
Select 0 Mask 
Low Address 
Reserved 


Select 0 Base 
Ce ee 
68h 
GPCSLA2 General 


GPCSHA2 General 
Purpose Chip 
Select 2 Base 


High Address 


General 
Purpose Chip 
Select 2 Mask 


General 
Purpose 
Peripheral 
X-Bus Control 


ee: Ree 
Test Control 


70h-87h 


89h-9Fh 
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4.4 X-Bus Peripherals 


The ESC generates chip selects for certain functions 
that typically reside on the X-Bus. The ESC asserts 
the chip selects combinatorially from the LA ad- 
dresses. The ESC generates chip select signals for 
the Keyboard Controller, Floppy Disk Controller, 
IDE, Parallel Port, Serial Port, and General Purpose 
peripherals. The ESC also generates read and write 
strobes for Real Time Clock and Configuration RAM. 
The read and write strobes are a function of LA ad- 
dresses, the ISA read and write strobes (IORC# and 
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lOWC #), and BCLK. All of the peripherals supported 
by the ESC are at fixed |/O addresses with the ex- 
ception of the general purpose peripherals. The ESC 
support for these peripherals can be enabled or dis- 
abled through configuration registers Peripheral 
Chip Select A and Peripheral Chip Select B. The 
general purpose peripherals are mapped to I/O ad- 
dresses by programming a set of configuration regis- 
ters: General Purpose Chip Select x Base Low Ad- 
dress register, General Purpose Chip Select x Base 
High Address register, and General Purpose Chip 
Select x Mask register. 
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Table 4-4. X-Bus Chip Selects Decode 


pw [Name | ChipSelect 


0060h 
0064h 
0070h 
0071h 


= 
ie 


0 


x< 
(2) 
=2 


had 0000 R/W IDE Controller ECS[2:0] =011 
0177h 0-Secondary (IDECSO #) 
aa 0000 R/W IDE Controller ECS[2:0] =011 
O1F7h 0-Primary (IDECSO #) 


0278h 


to 0000 | 0010 | 0111 | to | R/W 
027Bh 1011 
02F8h 
to 0000 | 0010 | 1111 R/W 
O2FFh (COMxCS #) 
0370h 0000 
to 0000 0111 | to | R/W. FDCCS # 
0357h 0101 
0376h | 0000 0111 | 0111 | R/W IDE Controller ECS[2:0] = 100 
1-Secondary (IDECS1 #) 
0377h | 0000 | 0011 | 0111 | 0110 | R/W IDE Controller ECS[2:0] = 100 
1-Secondary (IDECS1 #) 
0377h 0000 0011 | 0111 | 0111 | R/W | Floppy Disk Controller- EDCCS# 
Secondary 
0378h | 0000 | 0011 | 0111 | 1000 Ecsizb]<010 
to to R/W (LPTCS#) 
037Bh 1011 
O3BCh | = 
to | o000 | 0011 | 1011 | 11xx | R/W ee oN 0 
O3BFh 
03FOh 0000 | R/W ) 
to 0000 1111 | to Floppy aonb FDCCS # 
0375h 0101 oF 
O3F6h | 0000 | 0011 | 0111 R/W IDE Controller ECS[2:0] = 100 
1-Primary (IDECS1 #) 
O3F7h | 0000 0111 | 0111 | R/W IDE Controller ECS[2:0] = 100 
. 1-Primary (IDECS1 #) 
-03F7h | 0000 | 0011 R/W | Floppy Disk Controller- ee 
Secondary 
O3F8h ey 
to | 0000 1111 R/W | _ Serial Port COM 1 ye “? 
O3FFh 
0800h mi 
to | 0000 W/R Configuration CRAMWR #/CRAMRD # 
O8FFh RAM 
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ECS[2:0] =010 
(LPTCS #) 


Parallel Port LPT3 


ECS[2:0] = 00x 


Serial Port COM2 


Floppy Disk Controller- 
Secondary 


Parallel Port LPT2 


Parallel Port LPT 1 
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5.0 EISA CONTROLLER 
FUNCTIONAL DESCRIPTION 


5.1 Overview 


The EISA controller in the ESC provides Master/ 
Slave EISA interface function for the ESC internal 
resources. In addition, the ESC acts as an EISA cen- 
tral resource for the system. As a system central 
resource, the EISA controller is responsible for gen- 
erating the translation control signals necessary for 
bus-to-bus transfers. This translation includes trans- 
fer between devices on EISA Bus and ISA Bus and 
transfers between different size master device and 
slave device. The EISA controller generates the 
control signals for EISA Data Swap Buffers integrat- 
ed in the PCEB. The ESC EISA interface generates 
cycles for DMA transfers, and refresh. The ESC in- 
ternal registers are accessed through the EISA slave 
interface. The ESC is responsible for supporting the 
following: 


Service EISA Master cycles to: 
— EISA slaves devices. 

— ISA slave devices. 

— ESC internal registers. 


Service ISA Master cycles to: 

— EISA slave devices. 

— ISA (mis-matched) slave devices. 
— ESC internal registers. 


Service DMA cycles : 


— From/to DMA slave on the EISA bus to/from 
memory on the EISA/ISA bus. 


— From/to DMA slave on the ISA bus to/from 
memory on the EISA/ISA bus. 


— From/to DMA slave on the EISA/ISA bus to/ 
from memory on the PCI bus. 


Service REFRESH cycles : 


The EISA controller will service the refresh cycle 
by generating the appropriate address and com- 
mand signals. These cycles are initiated by either 
the ESC internal refresh logic or by an external 
ISA Bus Master. 


Generates DATA SWAP BUFFER control: 


The EISA controller generates the control signals 
for the data bus swap control (assembly/disas- 
sembly) and swapping process to support data 
size mismatches of the devices on the EISA and 
ISA buses. The actual data steering and swap- 
ping is performed by the PCEB. 
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Generate WAIT STATES: 


The wait state generator is responsible for gener- 
ating the wait states based on the sampling of the 
EXRDY, CHRDY, NOWS# and the default wait 
states. The default wait state depends on the, cy- 
cle type. 


5.2 Clock Generation 


The ESC generates the EISA Bus clock. The ESC 
uses a divider circuit to generate the EISA Bus 
clock. The ESC supports PCI bus frequencies be- 
tween 25 MHz and 33 MHz. The PCI clock is divided 
by 3 or 4 by the clock generation logic in the ESC. 
The EISA Clock Divisor register bits [2:0] select the 
divide value. 


The ESC provides the EISA Bus clock as the 
BCLKOUT output. Although the ESC is capable of 
driving 240 pF load on the BCLKOUT pin, it is rec- 
ommended that this signal be buffered to produce 
the EISA BCLK signal. 


The ESC EISA control logic and EISA interface is 
synchronous to the BCLK input. A maximum delay of 
15 ns is allowed between the BCLKOUT output and 
the BCLK input for proper device functionality. 


Table 5-1. PCICLK and BCLK 
Frequency Relationship 


PCICLK DIVISOR BCLK 
(MHz) —— (MHz) 
a 
- 
4* ‘ os 


NOTE: 
*The ESC wakes up after reset with a default divisor value 
of 4. 


5.2.1 CLOCK STRETCHING 


The ESC is capable of stretching EISA Bus clock 
(BCLKOUT) for PCEB generated EISA cycles. The 
ESC stretches the EISA Bus clock (BCLKOUT) in 
order to minimize the synchronization penalty be- 
tween PCI clock and EISA clock for accesses to 
EISA Bus by PCI agents. The PCEB initiates an EISA 
cycle by asserting START# synchronous to 
PCICLK. The ESC ensures the START # minimum 
pulse width is met by stretching the EISA Bus clock 
low time. 


The ESC samples START # on every PCICLK when 
the PCEB has the EISA Bus. After sampling 
START # asserted, the ESC delays the rising edge 
of BCLKOUT until the START # has met the 115 ns 
minimum pulse width specification. 
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BCLKOUT | | | | | | | 


[eee Cae a 
| 
| 


START# | | | 


| 
| 


CMD# | | | 
| 


START# Sampled By ESC < — | 
BCLKOUT Stretched By ESC < > - x 


290476-66 


Figure 5-1. BCLK Stretching 


5.3  EISA Master Cycles 


EISA Master cycles are initiated on the EISA bus by 
an EISA Master (including PCEB for PCI agents). 
These cycles are accesses to the following resourc- 
es: 


— EISA slaves devices (including PCEB for PCI 
agents) 


— ISA slave devices 
— ESC internal registers (8-bit EISA Slave) 


An EISA master gains control of the bus by asserting 
MREQx# (PEREQ# in case of PCEB) to the ESC. 
The ESC, after performing the necessary arbitration, 
asserts the corresponding MACKn# (negates 
- EISAHOLD in case of the PCEB). Refer to Chapter 
7.0 for arbitration protocol. 


In response to receiving the acknowledge signal, the 
EISA Master starts the cycle by driving the bus with 
LA[31:02], BE[3:0], W/R, and M/IO. The EISA Mas- 
ter then asserts START # to indicate the beginning 
of the current cycle. A 16-bit EISA Master will also 
assert MASTER16# at this time. The ESC gener- 
ates SBEH#, S1, and SO signals from the BE[3:0] # 
signals. 


5.3.1 EISA MASTER TO 32-BiT EISA SLAVE 


An EISA slave after decoding its address asserts 
EX32# or EX16#. The EISA master and the ESC 
use these signals to determine the EISA slave data 
size. The 32-bit or 16-bit EISA master continues with 
the cycles if EX32# or EX16# is asserted respec- 
tively. The ESC acts as a central resources for the 
EISA master and generates CMD# for the cycles. 
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The ESC asserts CMD# on the same BCLK edge 
that START# is negated. The ESC monitors the 
EXRDY signal on the EISA bus to determine when to 
negate the CMD#. An EISA Slave can extend the 
cycle by negating EXRDY. EISA specifications re- 
quire that EXRDY not be held negated for more than 
2.5 ws. A burstable EISA slave asserts SLBURST # 
signal the same time the slave decodes its address. 
The EISA master will sample SLBURST# and as- 
sert MSBURST ¥# if it is capable of bursting. The 
ESC keeps the CMD# asserted during a burst EISA 
transfer. The ESC deasserts CMD # to indicate the 
end of the burst transfer after the EISA master deas- 
serts MSBURST #. 


lf EX16# is asserted, a 32-bit EISA master backs-off 
the bus by floating BE[3:0]# and START# (see 
Section 5.3.4). The ESC acts as a central resource 
for the EISA master in this case and takes over the 
mastership of the EISA bus by deriving START#, 
CMD#, and the appropriate byte enables. The ESC 
generates the necessary translation cycles for the 
EISA master and returns the bus ownership to the 
master by asserting EX32# and EX16#. The ESC 
monitors the EXRDY signal on the EISA bus to de- 
termine when to negate the CMD#. An EISA Slave 
can extend the cycle by negating EXRDY. EISA 
specification require that EXRDY not be held negat- 
ed for more than 2.5 us. A burstable EISA slave will 
assert SLBURST# signal the same time when its 
address is decoded. The EISA master will sample 
SLBURST# and assert MSBURST # if it is capable 
of bursting. The ESC keeps the CMD # asserted dur- 
ing a burst EISA transfer. The ESC deasserts CMD # 
to indicate the end of the burst transfer after the 
EISA master deasserts MSBURST #. 
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BCLK 


LA[31:2]. M-10 


BE#{3:0] 
W-R 
START# 
CMD# 


EX32#, EX16# 
EXRDY 
READ DATA 


WRITE DATA 
290476-67 


Figure 5-2. Standard EISA Master to EISA Slave Cycie 


BCLK 

LA[31:2] M-10 

BE[3:0]# 

W/R# 

START# 

CMD# 

EX 32#, EX16# 
ExADY (7 


MSBURST# 


SLBURST# (~ 


oer 9-3-9 
WRITE DATA 


Figure 5-3. Burst EISA Master to EISA Slave Cycle 
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5.3.2 EISA MASTER TO 16-BiT ISA SLAVE 


An ISA slave, after decoding its address, asserts 
M16# or 1016#. The ESC monitors the EX32#, 
EX16#, M16#, and |016# signals to determine the 
slave type. If EX32# and EX16# are negated and 
M16# or |016# is asserted, the ESC performs ISA 
translation cycles for the EISA Bus master by gener- 
ating BALE, MRDC#, MWRC#, IORC#, IOWC# 
signals as appropriate. The ISA slave can add wait 
states by negating CHRDY. The ESC samples 
CHRDY and translate it into EXRDY. 


5.3.3 EISA MASTER TO 8-BIT EISA/ISA 
SLAVES 


An 8-bit slave does not positively acknowledge its 
selection by asserting any signal. The absence of an 
asserted EX32#, EX16#, M16#, and 1016# indi- 
cate to the ESC that an 8-bit device has been select- 
ed. The EISA master is backed-off the bus, and the 
ESC takes over mastership of the EISA/ISA bus. 
The ESC will run 8-bit translation cycles on the bus 
by deriving the EISA control signals and the ISA 
control signals. A slave can extend the cycles by 
negating EXRDY or CHRDY signals. 


BCLK 
LA[31:2] 
BE[3:0]# 
START# 

CMD# 


EX32#, EX16# 


EISA Master Floats 
START#, BE[3:0]# 
and SD[31:0] 


fe 
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The ESC (Internal Register) is accessed as an 8-bit 
slave. 


5.3.4 EISA MASTER BACK-OFF 


During EISA master transfer where the master and 
slave size is mis-matched, the EISA master is re- 
quired to back-off the bus on the first falling edge of 
BCLK after START# is negated. The EISA master 
floats its START #, BE[3:0] #, and data lines at this 
time. This allows the ESC to perform a translation 
cycle. The master must back-off the bus if a master/ 
slave data size mis-match is determined, regardless 
if data size translation is performed. At the end of 
the data size translation or transfer cycle, control is 
transferred back to the bus master by the ESC by 
driving EX32# and EX16# active on the falling edge 
of BCLK, before the rising edge of BCLK that the 
last CMD # is negated. An additional BCLK is added 
at the end of the transfer to allow the exchanging of 
cycle control to occur. 


EISA Master Drives 
START#, BE[3:0]# 
and SD[31:0] 
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Figure 5-4. EISA Master Back-Off Cycle 
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5.4 ISA Master Cycles 


ISA cycles are initiated on the ISA bus by an ISA 

master. These cycles are accesses to the following 

system resources: 

— EISA slaves devices (including PCEB for PCI 
agents). 

— ISA slave devices. 

— ESC internal registers (8-bit EISA Slave). 


The ISA Master initiates such a cycle by asserting 
the DREQx# line to the ESC. The ESC, after per- 
forming the necessary arbitration, asserts the corre- 
sponding DACKx # line. Upon receiving an acknowl- 
edge from the ESC, the ISA master asserts the 
MASTER16# signal line to indicate that it has con- 
trol of the ISA bus and a cycle on the ISA bus will 
take place. 


The ESC translates the ISA address signals 


SBHE#, SA1, and SAO to EISA byte enables 
BE[3:0] #. 


5.4.1 ISA MASTER TO 32-BiT/16-BiIT EISA 
SLAVE 


An EISA slave will decode the address to determine 
if it has been selected. In response to a positive de- 
code, the EISA slave will assert EX32# or EX16#. 


BCLK 
BALE 
LA[23:17] 


SA[19:0], SBHE# 
MRDC#, MWTC# 


lIORC#, IOWC# 
M16#, |O16# 


NOWS# 
CHRDY 
SD[15:0] READ 
SD[15:0] WRITE 
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The ESC samples these signals to determine if an 
EISA Slave has been selected. If these signals are 
asserted, the ESC will perform ISA to EISA cycle 
translation by driving the EISA control signals. 


The ISA Master asserts one of the ISA command 
signals MRDC#, MWTC#, IORC# or IOWC# de- 
pending on whether or not the access is to a memo- 
ry, an I/O device or an I/O register. The ISA com- 
mand signals will remain active until the end of the 
cycle. The ESC will generate the EISA translation by 
generating the EISA control signals; START#, 
CMD#, M/IO#, and W/R#. 


The EISA slave can add wait states by negating 
EXRDY. The ESC samples EXRDY and translates it 
into CHRDY. The ESC will also generate the control 
signals to steer the data to the appropriate byte 
lanes for mis-matched cycles. 


5.4.2 ISA MASTER TO 16-BIT ISA SLAVE 


An ISA Master initiates cycles to ISA slave devices. 
These cycles are either memory read/write or |/O 
read/write. The ISA bus Master is assumed to be 
16-bit device, and it can access either 8-bit or 16-bit 
slave devices that reside on the ISA-bus. A 16-bit 
ISA slave device will respond to a valid address by 
asserting M16# for memory cycles and 1016# for 
I/O cycles. 


The ESC is inactive during ISA Master cycles where 
either M16# or 1|016# is sampled asserted. 
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Figure 5-5. ISA Master to 16-Bit ISA Slave Cycles (3 BCLKs) 
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BCLK 
BALE 
LA[23:17] | 


SA[15:0], SBHE# |) 
MRDC#, MWTC#, 


lIORC#, IOWC# 


NOWS# |: 
CHRDY |. 
SD[15:0] READ |. 


Dies - 


e 
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Figure 5-6. ISA Master to 16-Bit ISA Slave Extended Cycle (4 BCLKs) 


5.4.3 ISA MASTER TO 8-BiT EISA/ISA SLAVE 


An 8-bit slave does not positively acknowledge its 
selection by asserting any signal. The absence of an 
asserted EX32#, EX16#, M16#, and 1016# indi- 
cate to the ESC that an 8-bit device has been select- 
ed. The EISA master is backed-off the bus, and the 
ESC takes over mastership of the EISA/ISA bus. 
The ESC will run 8-bit translation cycles on the bus 
by deriving the EISA control signals and the ISA 
control signals. A slave can extend the cycles by 
negating EXRDY or CHRDY signals. 


The ESC (Internal Register) is accessed as an 8-bit 
slave. 


5.4.4 ISA WAIT STATE GENERATION 


There are three sources that can affect the genera- 
tion of wait states for ISA cycles. The first is the 
default wait states, which determines the standard 
or default ISA bus cycle in the absence of any re- 
sponse from the slave. The second is cycle exten- 
sion, which is indicated by the slave pulling the 
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CHRDY signal line inactive (low). The CHRDY is 
high by default due to a pull-up resistor. Thus, the 
cycle will be extended until the CHRDY is returned 
to its active high value. The third way to change the ~ 
number of wait states is when the slave asserts the 
NOWS # signal which makes the cycle shorter than 
the default or standard cycle.. 


ISA Memory slaves (8 bits and 16 bits) and ISA I/O 
slaves (only 8 bits) can shorten their default cycles 
by asserting the NOWS# signal lines. A 16-bit |/O 
slave cannot shorten its default cycles. 


When NOWS#¥ is asserted at the same time the 
CHRDY is negated by the ISA slave device, 
NOWS # will be ignored and wait states will be add- 
ed. (i.e.; CHRDY has precedence over NOWS #.) 


DMA devices (I/O) cannot add wait states, but mem- 
ory can. 


Table 5-2 shows the number of BCLKs for each cy- 
cle type (Memory, I/O, DMA), default, wait states 
added and with NOWS# asserted. 
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Table 5-2. Number of BCLKs for ISA Master Cycles 


Cycle Type 


Memory Read/Write 
Memory Read/Write 
|/O Read/Write 


|/O Read/Write 
DMA Compatible 


NOTES: 


No Wait State 
NOWS# = 0 


Standard 
CHRDY = 1 
NOWS# = 1 


Number of BCLKs 


One Wait State 
CHRDY = 0 


* If ISA memory responds, the ESC will extend the cycle by 1 BCLK. & 
¥ If ISA memory responds, the ESC will use DMA Type B read cycle timing. 


5.5 Mis-Match Cycles 


Data size translation is performed by the ESC for all 
mis-matched cycles. A mis-matched cycle is defined 
as a cycle in which the bus master and bus slave do 
not have equal data bus sizes (e.g., a 32-bit EISA 
master accessing a 16-bit ISA slave). The data size 
translation is performed in conjunction with the 


PCEB. The ESC generates the appropriate cycles 
and data steering control signals for mis-matched 
cycles. The PCEB uses the data steering control sig- 
nals from the ESC to latch and redirect the data to 
the appropriate byte lanes. The ESC will perform 
one or more of the following operations depending 
on the master and slave type, transfer direction, and 
the number of byte enables active. 


Table 5-3. Mis-Match Master Slave Combinations 


16-Bit EISA Standard 
Burst 


NOTE: 
NA: Not Applicable. The cycle will never occur. 


Slave Type 
Master Type 
| 32-BitEISA | 16-BitEISA | 16-BitISA | 8-BitEISA/ISA 


32-Bit EISA with Standard Match Mis-Match Mis-Match 
16-Bit Downshift Burst Match Match NA NA 
32-Bit EISA Standard Match Mis-Match Mis-Match Mis-Match 
Burst Match NA NA NA 
Mis-Match Match Mis-Match Mis-Match 
Mis-Match Match NA NA 


Mis-Match 
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5.6 Data Swap Buffer Control Logic 


For all mis-matched cycles, the ESC is responsible 
for performing data size translations. The ESC per- 
forms these data size translations by either becom- 
ing the master of the EISA/ISA Bus (see Section 
5.3.4) or by directing the flow of data to the appropri- 
ate byte lanes. In both cases, the ESC generates 
Data Swap Buffer control signals to perform data 
size translation. 


— SDCPYEN[13, 3:1] 
— SDCPYUP 

— SDOE[2:0] # 

— SDLE[3:0] # 


The Data Swap Buffers are integrated in the PCEB 
(see PCEB data sheet Chapter 8.0 for Data Swap 
Buffer function description). 


The data,size translation cycles consist of one or 
combinations of Assembly, Disassembly, Copy Up/ 
Down, and Redrive. 


Assembly 


This occurs during reads when an EISA master data 
size is greater than the slave data size. ISA masters 
are required to perform assemble when accessing 
8-bit slaves. Assembly consists of two, three, or four 
cycles depending on the master data size, slave 
data size, and number of active byte enables. During 
the assembly process, the data is latched into the 
PCEB data latch/buffers. This data is driven or redri- 
ven on to the EISA bus during the last cycle. The 
master after initiating the cycle backs-off the bus 
(see the EISA master back-off section for details) 
when a mis-matched is detected. The ESC becomes 
the bus master and runs the appropriate number of 
cycles. At the end of the last cycle, the ESC trans- 
fers the control of bus back to the original master. 


Disassembly 


This occurs during writes when the EISA master 
data size is greater than the slave data size. ISA 
masters are required to perform disassemble when 
accessing 8-bit slaves. Disassembly consists of two, 
three, or four cycles depending on the master data 
size, slave data size, and number of active byte en- 
ables. During the disassembly process, the data is 
latched in the PCEB latch/buffers on the first cycle. 
This data is driven or redriven on to the EISA bus on 
subsequent cycles. The master after initiating the cy- 
cle backs-off the bus (see the EISA master back-off 
section for details) when a mis-matched is detected. 
The ESC becomes the bus master and runs the ap- 
propriate number of cycles. At the end of the last 
cycle, the ESC transfers the control of bus back to 
the original master. 
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Copy-Up 


This occurs during reads when the master data size 
is greater than the slave data size and during writes 
when the master data size is smaller than the slave 
data size. The copy-up function is used for cycles 
with and without assembly/disassembly. 


Copy-Down 


This occurs during writes when the master data size 
is greater than the slave data size and during reads 
when the master data size is smaller than the slave 
data size. The copy-down function is used for cycles 
with and without assembly/disassembly. 


Re-Drive 


This occurs during reads and writes when both the 
master and slave are on the EISA/ISA bus and the 
PCEB is neither a master nor a slave. The re-drive 
function is always performed in conjunction with as- 
sembly/disassembly. During the assembly process, 
the last cycle is a re-drive cycle. During disassembly, 
all the cycles except the first cycle are re-drive cy- 
cles. 


5.7 Servicing DMA Cycles 


The ESC is responsible for performing DMA trans- 
fers. If the memory is determined (EX32# or EX16# 
asserted) to be on the EISA bus, the DMA cycle can 
be “A’’, “B’’, or “C” type. If the memory is deter- 
mined to be on the ISA bus, then the DMA cycle will 
run aS a compatible cycle. The DMA transfers are 
described in detail in Section 8.0. 


5.8 Refresh Cycles 


The ESC support refresh cycles on the EISA/ISA 
bus. The ESC asserts the REFRESH # signal to indi- 
cate when a refresh cycle is in progress. Refresh 
cycles are generated by two sources: the refresh 
unit inside the ESC or an external ISA bus masters. 
The EISA bus controller will enable the address lines 
LA[15:2] and the BE[3:0] #. The High and Low Page 
register contents will also be placed on the 
LA[31:16] bus during refresh. Memory slaves on the 
EISA/ISA bus must not drive any data onto the data 
bus during the refresh cycle. Slow memory slaves on 
the EISA/ISA may extend the refresh cycle by nega- 
ting the EXRDY or CHRDY signal respectively. The 
refresh cycles are also described in Section 6.11. 
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5.9 EISA Slot Support 


The ESC support up of 8 EISA slots. The ESC pro- 
vides support for the 8 slots as follows: 


— The ESC address and data output buffers direct- 
ly drive 240 pF capacitive load on the Bus. 


— The ESC generates slot specific AENx signals. 
— The ESC supports EISA masters in all 8 slots. 
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The ESC generates encoded AENs and encoded 
Master Acknowledge signals for 8 slots and 8 mas- 
ters. These signals must be decoded on the system 
board to generate the slot specific AENx signals and 
MACKx# signals. The ESC can be programmed 
through Mode Select register bit[1:0] to directly gen- 
erate these signals for 4 slots and 4 masters. 


5.9.1 AEN GENERATION 


The ESC directly generates the slot specific AEN 
signals if the ESC is configured to support 4 AENx. 


Table 5-4. AEN Generation 


| Aitag | A7:A4 | AaAO | AEN4 | AENS | AEN2 | AENT | 
ee [oe ee es aT 
ee ee 
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lf the ESC is programmed to support more than 4 signals. Discrete logic like a F138 is required to gen- 
EISA AENx, the ESC will generate Encoded AEN erate the slot specific AENs. 


Table 5-5. Encoded AEN (AEN) Generation 


0x00 
[x00 | 
ee 


xx00 


NOTE: 
EAEN[4:1] combinations not specified in the table are Reserved. 


5.9.2 MACKx# GENERATION If the ESC is programmed to support more than 4 
| EISA slots, the ESC will generate Encoded 

The ESC generates the EISA Master Acknowledge (E)MACKx#s. Discrete logic like a F138 is required 

signals if the ESC is configured to directly support 4 to generate the MACKx#s for the Masters. 

masters through the Mode Select Register bit[1:0]. 

In this case the ESC generates MACKx#s for Mas- 

ter 0-3. 


- Table 5-6. Encoded MACK # (EMACKx#) Generation 
MACKO# 


NOTE: 
EMACK[4:1] combinations 1000-1110 are Reserved. 
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6.0 DMA CONTROLLER 


6.1 DMA Controller Overview 


The DMA circuitry incorporates the functionality of 
two 82C37 DMA controllers with seven indepen- 
dently programmable channels, (Channels 0-3 and 
Channels 5-7). DMA Channel 4 is used to cascade 
the two controllers together and will default to cas- 
cade mode in the Mode register. In addition to ac- 
cepting requests from DMA slaves, the DMA also 
responds to requests that are initiated by software. 
Software may initiate a DMA service request by set- 
ting any DMA Channel Request register bit to a 1. 
The DMA controller for Channels 0-3 is referred to 
as ‘“‘DMA-1” and the controller for Channels 4-7 is 
“DMA-2”. 


Channel 0 
Channel 1 
Channel 2 
Channel 3 


Channel 4 


Channel 5 
Channel 6 


Channel 7 
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Figure 6-1. Internal DMA Controller 


Each DMA channel can be programmed for 8-bit or 
16-bit DMA device size. Each channel can also be 
programmed for compatibility, Type ‘‘A”, Type “B”, 
or Type “C” (burst transfer) timings. Each DMA 
channel defaults to the PC-AT compatible settings 
for DMA device size: channels [3:0] default to 8-bit, 
count-by-bytes transfers, while channels [7:5] de- 
fault to 16-bit, count-by-words (address _ shifted) 
transfers. The ESC provides the timing control and 
data size translation necessary for DMA transfers 
between EISA/ISA agents of mismatched bus sizes. 


The DMA Controller supports full 32-bit addressing. 
Each channel includes a 16-bit ISA compatible Cur- 
rent register which holds the 16 least-significant bits 


of the 32-bit address, and an ISA compatible Low . 


Page register which contains the eight second most 
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significant bits. An additional High Page register con- 
tains the eight most significant bits of the 32-bit ad- 
dress. The address counter can be programmed as 
either 16-bit compatible address counter or a full 
32-bit address counter. 


The channels can also be programmed for any of 
four transfer modes. The transfer modes include sin- 
gle, block, demand, or cascade. Each of the three 
active transfer modes (single, block, and demand), 
can perform three different types of transfers (read, 
write, or verify). 


The DMA Controller also features refresh address 
generation, and auto-initialization following a DMA 
termination. EISA compatible buffer chaining is in- 
cluded as well as Stop registers to support ring buff- 
er structures. 


Scatter-Gather reduces CPU overhead by eliminat- 
ing reprogramming of the DMA and I/O between 
buffers as well as reducing the number of interrupts. 


The DMA Controller includes the EISA Bus arbiter 
which works with the PCEB’s PCI bus arbiter. The 
arbiter determines which requester from among the 
requesting DMA slaves, EISA bus masters, the PCI 
bus, or Refresh should have the bus. 


The DMA Controller is at any time either in master 
mode or slave mode. In master mode, the DMA con- 
troller is either servicing a DMA slave’s request for 
DMA cycles, allowing an ISA master to use the bus 
via a cascaded DREQ signal, or granting the bus to 
an EISA master via MREQ#/MACK#. In slave 
mode, the ESC monitors both the EISA bus decod- 
ing and responding to I/O read and write commands 
that address its registers. 


When the DMA is in master mode and servicing a 
DMA slave, it works in conjunction with the ESC 
EISA bus controller to create bus cycles on the EISA 
bus. The DMA places addresses onto the internal 
address bus and the bus controller informs the DMA 
when to place a new address on the internal bus. 


6.2 DMA Transfer Modes 


The channels can be programmed for any of four 
transfer modes. The transfer modes include single, 
block, demand, or cascade. Each of the three active 
transfer modes (single, block, and demand), can 
perform three different types of transfers (read, 
write, or verify). The ESC does not support memory 
to memory transfers. 


1-349 


82374EB 


6.2.1 SINGLE TRANSFER MODE 


In Single Transfer mode the DMA is programmed to 
make one transfer only. The byte/word count will be 
decremented and the address decremented or in- 
cremented following each transfer. When the byte/ 
word count “rolls over’ from zero to FFFFFFh, or an 
external EOP is encountered, a Terminal Count (TC) 
will load a new buffer via Scatter-Gather, buffer 
chaining or autoinitialize if it is programmed to do so. 


DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, the bus will be re- 
leased to the CPU after a single transfer. With the 
DREQ asserted high, the DMA I/O device will rearbi- 
trate for the bus. Upon winning the bus, another sin- 
gle transfer will be performed. This allows other bus 
masters a chance to arbitrate for, win, and execute 
cycles on the EISA Bus. 


6.2.2 BLOCK TRANSFER MODE 


In Block Transfer mode the DMA is activated by 
DREQ to continue making transfers during the serv- 
ice until a TC, caused by either a byte/word count 
going to FFFFFFh or an external EOP, is encoun- 
tered. DREQ need only be held active until DACK 
becomes active. If the channel has been pro- 
grammed for it, a new buffer will be loaded by Scat- 
ter-Gather, buffer chaining or Auto-initialization at 
the end of the service. In this mode, it is possible to 
lock out other devices for a period of time (including 
refresh) if the transfer count is programmed to a 
large number and Compatible timing is selected. 
Block mode can effectively be used with Type “A”, 
Type ’’B’’, or Burst timing since the channel can be 
interrupted through the 4 ys timeout mechanism, 
and other devices (or Refresh) can arbitrate for and 
win the bus. See Chapter 7.0 on the EISA Bus Arbi- 
tration for a detailed description of the 4 ws timeout 
mechanism. 


6.2.3 DEMAND TRANSFER MODE 


In Demand Transfer mode the DMA channel is pro- 
grammed to continue making transfers until a TC 
(Terminal Count) is encountered or an external EOP 
is encountered, or until the DMA |/O device pulls 
DREQ inactive. Thus, transfers may continue until 
the |/O device has exhausted its data capacity. After 
the I/O device catches up, the DMA service is re-es- 
tablished when the DMA 1I/O device reasserts the 
channel’s DREQ. During the time between services 
when the system is allowed to operate, the interme- 
diate values of address and byte/word count are 
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stored in the DMA controller Current Address and 
Current Byte/Word Count registers. A TC can cause 
a new buffer to be loaded via Scatter-Gather, buffer 


chaining or Autoinitialize at the end of the service if 
the channel has been programmed for it. 


6.2.4 CASCADE MODE 


This mode is used to cascade more than one DMA 
controller together for simple system DMA requests 
for the additional device propagate through the pri- 
ority network circuitry of the preceding device. The 
priority chain is preserved and the new device must 
wait for its turn to acknowledge requests. Within the 
ESC architecture, Channel 0 of DMA Controller two 
(DMA-2, Ch 4) is used to cascade DMA Controller 
one (DMA-1) to provide a total of seven DMA chan- 
nels. Channel 0 on DMA-2 (labeled Ch 4 overall) 
connects the second half of the DMA system. This 
channel is not available for any other purpose. 


In Cascade Mode, the DMA Controller will respond 
to DREQ with DACK, but the ESC will not drive the 
bus. 


Cascade mode is also used to allow direct access of 
the system by 16-bit bus masters. These devices 
use the DREQ and DACK signals to arbitrate for the 
system bus and then they drive the address and 
command lines to control the bus. The ISA master . 
asserts its ISA master request line (DREQx) to the 
DMA internal arbiter. If the ISA master wins the arbi- 
tration, the ESC responds with an ISA Master Ac- 
knowledge (DACKx) signal active. Upon sampling 
the DACKx line active, the ISA Master asserts MAS- 
TER16# signal and takes control of the EISA bus. 
The ISA Master has control of the EISA Bus, and the 
ISA Master may run cycles until it negates the MAS- 
TER16# signal. 


6.3 DMA Transfer Types 


Each of the three active transfer modes (Single, 
Block, or Demand) can perform three different types 
of transfers. These transfers are Read, Write and 
Verify. 


Write Transfer 


Write transfers move data from an EISA/ISA I/O de- 
vice to memory located on EISA/ISA Bus or PCI Lo- 
cal Bus. The DMA indicates the transfer type to the 
EISA bus controller. The bus controller will activate 
lORC# and the appropriate EISA control signals 
(M/IO# and W/R#) to indicate a memory write. 


4 
: ntal ® 
Read Transfer 


Read transfers move data from EISA/ISA or PCI 
memory to an EISA/ISA I/O device. The DMA indi- 
cates the transfer type to the EISA bus controller. 
The bus controller will activate |OWC# and the ap- 
propriate EISA control signals (M/IO# and W/R#) 
to indicate a memory read. 


Verify Transfer 


Verify transfers are pseudo transfers. The DMA con- 
troller operates as in Read or Write transfers, gener- 
ating addresses and producing TC, etc. However, 
the ESC does not assert the memory and |/O con- 
trol signals. Only the DACK signals are asserted. In- 
ternally the DMA controller will count BCLKs so that 
the DACK signals have a defined pulse width. This 
pulse width is nine BCLKs long. If Verify transfers 
are repeated during Block or Demand DMA re- 


BCLK 
Addr 
W/R# 


START# 
CMD# 


MRDC# 


lIOWC# 


SD[32:0] 
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quests, each additional pseudo transfer will add 
eight BCLKs. The DACK signals will not be toggled 
for repeated transfers. 


6.4 DMA Timing 


The ESC DMA provides four transfer timings. In ad- 
dition to the compatible timings, the ESC DMA pro- 
vides Type “A”, Type “B”, and Type “C” (Burst) 
timings for 1/O slave devices capable of running at 
faster speeds. 


6.4.1 COMPATIBLE TIMINGS 


Compatible timing is provided for DMA slave devic- 
es. Compatible timing runs at 9 BCLKs (1080 ns/sin- 
gle cycle) and 8 BCLKs (960 ns/cycle) during the 
repeated portion of a Block or Demand mode trans- 
fers. 
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Figure 6-2a. Compatible DMA Read Transfer (8 BCLKs) 
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BCLK 


Addr 


W/R# 
START# 
CMD# 
MWTC# 
lIORC# 


SD[32:0] 
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Figure 6-2b. Compatible DMA Write Transfer (8 BCLKS) 


6.4.2 TYPE “A” TIMING 


Type “A” timing is provided to allow shorter cycles 
to EISA memory. 


NOTE: 
Main memory behaves like EISA memory be- 
cause the PCEB has an EISA slave interface. 


Type “A” timing runs at 7 BCLKs (840 ns/single cy- 


cle) and 6 BCLKs (720 ns/cycle) during the repeat- 
ed portion of a Block or Demand mode transfer. 


BCLK 
Addr 
W/R# 
START# 
CMD# 
MRDC# 


lOWC# 


SD[32:0] 


Type “A” timing varies from compatible timing pri- 
marily in shortening the memory operation to the 
minimum allowed by system memory. The !/O por- 
tion of the cycle (data setup on write, |/O read ac- 
cess time) is the same as with compatible cycles. 
The actual active command time is shorter, but it is 
expected that the DMA devices which provide the 
data access time or write data setup time should not 
require excess I|ORC# or IOWC# command active 
time. Because of this, most DMA devices should be 
able to use type ‘‘A”’ timing. 
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Figure 6-3a. Type “A” DMA Read Transfers (6 BCLKS) 
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6.4.3 TYPE “B” TIMING 


Type “B”’ timing is provided for 8-bit/16-bit DMA de- 
vices which can accept faster |/O timing. Type ‘‘B” 
only works with fast system memory. Type “B”’ tim- 
ing runs at 6 BCLKs (720 ns/single cycle) and 4 
BCLKs (480 ns/cycle) during the repeated portion of 
a Block or Demand mode transfer. Type ‘‘B” timing 


BCLK 
Addr « 
W/R# 

START# 
CMD# 


MRDC# 


lOWC# 


SD[32:0] « 
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requires faster DMA slave devices than compatible 
timing in that the cycles are shortened so that the 
data setup time on |/O write cycles is shortened and 
the |/O read access time is required to be faster. 
Some of the current ISA devices should be able to 
support type ‘‘B’’ timing, but these will probably be 
more recent designs using relatively fast technology. 
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Figure 6-4a. Type “B” DMA Read Transfer (4 BCLKS) 
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6.4.4 TYPE “C” (BURST) TIMING 


Type “C” (burst) timing is provided for EISA DMA 
devices. The DMA slave device needs to monitor 
EXRDY and |ORC# or IOWC# signals to determine 
when to change the data (on writes) or sample the 
data (on reads). This timing will allow up to 
33 MBytes per second transfer rate with a 32-bit 
DMA device and 32-bit memory. Note that 8-bit or 
16-bit DMA devices are supported (through the pro- 


BCLK 
Addr 


SLBURST# 


MSBURST# 


W/R# 
START# 
CMD# 
MRDC# 


lOWC# 


SD[32:0] 


te. 
ee 


* 
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grammable DMA address increment) and that they 
use the “byte lanes” natural to their size for the data 
transfer. As with all bursts, the system will revert to 
two BCLK cycles if the memory does not support 
burst. When a DMA burst cycle accesses non-burst 
memory and the DMA cycle crosses a page bounda- 
ry into burstable memory, the ESC will continue per- 
forming standard (non-burst) cycles. This will not 


Cause a problem since the data is transferred cor- 
rectly. 
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Figure 6-5a. Type “C” (Burst) DMA Read Transfers (1 BCLK) 
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6.5 Channel Priority 


For priority resolution the DMA consists of two logi- 
cal channel groups-channels 0-3 and channels 
4-6. Each group may be in either Fixed or Rotate 
mode, as determined by the Command register. 


For arbitration purposes, the source of the DMA re- 
quest is transparent. DMA I/O slaves normally as- 
sert their DREQ line to arbitrate for DMA service. 
However, a software request for DMA service can 
be presented through each channel’s DMA Request 
register. A software request is subject to the same 
prioritization as any hardware request. Please see 
the detailed register description in Section 3.2 for 
Request Register programming information. 


Fixed Priority 


The initial fixed priority structure is as follows: 


Table 6-1. Initial Fixed 
Priority Structure 


High Priority | Low Priority 
(0, 1, 2,3) 5, 6,7 


The fixed priority ordering is 0, 1, 2, 3, 5, 6, and 7. In 
this scheme, Channel 0 has the highest priority, and 
Channel 7 has the lowest priority. Channels [3:0] of 
DMA-1 assume the priority position of Channel 4 in 
DMA-2, thus taking priority over Channels 5, 6, and 
t; 


Rotating Priority 


Rotation allows for “fairness” in priority resolution. 
The priority chain rotates so that the last channel 
serviced is assigned the lowest priority in the Chan- 
nel group (0-3, 5-7). 


Channels 0-3 rotate as a group of 4. They are al- 
ways placed between Channel 5 and Channel 7 in 
the priority list. 


Channel 5-7 rotate as part of a group of 4. That is, 
Channels (5-7) form the first three partners in the 
rotation, while Channel group (0-3) comprises the 
fourth position in the arbitration. 


Table 6-2 demonstrates rotation priority: 
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Table 6-2. Rotating Priority Example | 


Programmed 
Mode 


Group (0-3) 
is in rotation 
mode. 


Group (4-7) 
is in fixed 
mode. 


3. After servicing | (0, 1, 2, 3), 5, 6, 7 
channel 3 


Group (0-3) | 1. Initial Setting | (0, 1, 2, 3), 5, 6, 7 
in rotation 
mode. 


Group (4-7) 
is in rotation 
mode. 


3. After servicing | 6, 7, (1, 2, 3, 0), 5 
channel 5 
(note that the | 4. After servicing | 7, (1, 2, 3, 0), 5,6 
first servicing | channel 6 


of channel |. after servicing | (1, 2, 3, 0), 5, 6, 7 


ee channel 7 


rotation). 


1. Initial Setting | (0, 1, 2, 3), 5, 6,7 


2. After servicing | (3, 0, 1, 2), 5, 6, 7 
channel 2 


2. After servicing | 5, 6, 7, (1, 2, 3, 0) 
channel 0 


6.6 Scatter-Gather Functional 
Description 


Scatter-Gather provides the capability of transferring 
multiple buffers between memory and |/O without 
CPU intervention. In Scatter-Gather, the DMA can 
read the memory address and word count from an 
array of buffer descriptors called the Scatter-Gather 
Descriptor (SGD) Table. This allows the DMA to sus- 
tain DMA transfers until all buffers in the Scatter- 
Gather Descriptior Table are transferred. 


The Scatter-Gather Command register and Scatter- 
Gather Status register are used to control the opera- 
tional aspect of Scatter-Gather transfers (see 
Section 3.2 for details of these registers). The 
Scatter-Gather Descriptior Next Link register holds 
the address of the next buffer descriptor in the 
Scatter-Gather Descriptor Table. 


The next buffer descriptor is fetched from the Scat- 
ter-Gather Descriptor Table by a DMA read transfer. 
DACK# will not be asserted for this transfer be- 
cause the I/O device is the DMA itself and the 
DACK is internal to the ESC. The ESC will assert 
lIOWC# for these bus cycles like any other DMA 
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transfer. The ESC will behave as an 8-bit I/O slave 
and will run type “B” timings for a Scatter-Gather 
buffer descriptor transfer. EOP will be asserted at 
the end of the transfer. 


To initiate a typical Scatter-Gather transfer between 
memory and |/O device following steps involved: 


Software prepares a Scatter-Gather Descriptor 
(SGD) Table in system memory. Each Scatter- 
Gather descriptor is 8 bytes long and consists of 
an address pointer to the starting address and 
the transfer count of the memory buffer to be 
transferred. In any given SGD Table, two consec- 
utive SGDs are offset by 8 bytes and are aligned 
on a 4-byte boundary. 


Each Scatter-Gather Descriptor for the linked list 
must contain the following information: 


a) Memory Address (buffer start) 4 bytes 
b) Byte Count (buffer size) 3 bytes 
c) End of Link List 1 bit (MSB) 


Initialize DMA Mode and Extended Mode registers 
with transfer specific information like 8-bit/16-bit 1/O 
device, Transfer Mode, Transfer Type, etc. 


Software provides the starting address of the Scat- 
ter-Gather Descriptor Table by loading the Scatter- 
Gather Descriptor Table Pointer register. 


Engage the Scatter-Gather machine by writing a 
Start command to the Scatter-Gather Command 
register. 


The Mask register should be cleared as the last step 
of programming the DMA register set. This is to pre- 
vent DMA from starting a transfer with a partially 
loaded command description. 


Once the register set is loaded and the channel is 
unmasked, the DMA will generate an internal re- 
quest to fetch the first buffer from the Scatter-Gath- 
er Descriptor Table. 


Dword 0 


Dword 1 
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The DMA will then respond to DREQ or software 
requests. The first transfer from the first buffer will 
move the memory address and word count from the 
Base register set to the Current register set. As long 
as Scatter-Gather is active and the Base register set 
is not loaded and the last buffer has not been 
fetched, the channel will generate a request to fetch 
a reserve buffer into the Base register set. The re- 
serve buffer is loaded to minimize latency problems 
going from one buffer to another. Fetching a reserve 
buffer has a lower priority than completing DMA for 
the channel. 


The DMA controller will terminate a Scatter-Gather 
cycle by detecting an End of List (EOL) bit in the 
SGD. After the EOL bit is detected, the channel will 
transfer the buffers in the Base and Current register 
sets if they are loaded. At Terminal Count the chan- 
nel will assert EOP or IRQ13 depending on its pro- 
gramming and set the Terminate bit in the Scatter- 
Gather Status register. The Active bit in the 
Scatter-Gather Status register will be reset and the 
channel’s Mask bit will be set. 


The above discussion describes how to accomplish 
a Scatter-Gather transfer in Demand Mode. For 
Block Mode transfers, a slighty different method is 
required. The following describes a Block Mode 
transfer: 


— Program Scatter-Gather information 

— Enable Scatter-Gather via Command Register 
— Kick-off DMA device 

— Poll DMA status register for active DREQ 

— Set software request bit 

— Remove channel mask 


Address 


Memory Address 


Figure 6-6. Scatter-Gather Descriptor Format 


290478-78 © 


SGD TABLE 


MEMORY ADDRESS 


MEMORY ADDRESS 


Ptr. + 10h MEMORY ADDRESS 


SGD C 


ay [abet 


82374EB 


MEMORY BUFFERS 
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Figure 6-7. Link List Example 


6.7 Register Functionality 


Please see Section 3.2 for detailed information on 
register programming, bit definitions, and default val- 
ues/functions after a reset. 


DMA Channel 4 is used to cascade the two DMA 
controllers together and should not be programmed 
for any mode other than cascade. The Mode register 
for Channel 4 will default to cascade mode. Special 
attention should also be taken when programming 
the Command and Mask registers as related to 
Channel 4 (refer to the Command and Mask register 
descriptions, Section 3.2). 


6.7.1 ADDRESS COMPATIBILITY MODE 


Whenever the DMA is operating in Address Compat- 
ibility mode, the addresses do not increment or dec- 
rement through the High and Low Page registers, 
and the high page register is set to 00h. This is com- 
patible with the 82C37 and Low Page register imple- 
mentation used in the PC AT. This mode is set when 
any of the lower three address bytes of a channel 
are programmed. If the upper byte of a channel’s 


address is programmed last, the channel will go into 
Extended Address Mode. In this mode, the high byte 
may be any value and the address will increment or 
decrement through the entire 32-bit address. 


After reset is negated all channels will be set to 
Address Compatibility Mode. The DMA Master Clear 
command will also reset the proper channels to Ad- 
dress Compatibility Mode. The Address Compatibil- 
ity Mode bits are stored on a per channel basis. 


6.7.2 SUMMARY OF THE DMA TRANSFER 


SIZES 


Table 6-3 lists each of the DMA device transfer 
sizes. The column labeled “Word Count Register” 
indicates that the register contents represent either 
the number of bytes to transfer or the number of 
16-bit words to transfer. The column labeled ‘Cur- 
rent Address Register Increment/Decrement’’ indi- 
cates the number added to or taken from the 
Current Address register after each DMA transfer 
cycle. The Mode Register determines if the Current 
Address register will be incremented or decrement- 
ed. 
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Table 6-3. DMA Transfer Size 


DMA Device Word Current 
‘ Address 
Date Size and Count incceenank/ 
Word Count Register 


Decrement 


8-Bit |/O, Count By Bytes 1 
Bytes 


16-Bit |1/O,Count By Words 1 
Words (Address 
Shifted) 
16-Bit 1/O,Count By Bytes 2 
Bytes 
32-Bit |/O,Count By Bytes 4 
Bytes 


6.7.3 ADDRESS SHIFTING WHEN 
PROGRAMMED FOR 16-BIT I/O COUNT 
BY WORDS 


To maintain compatibility with the implementation of 
the DMA in the PC/AT which used the 82C37, the 
DMA will shift the addresses when the Extended 
Mode register is programmed for, or defaulted to, 
transfers to/from a 16-bit device count-by-words. 
Note that the least significant bit of the Low Page 
register is dropped in 16-bit shifted mode. When pro- 
gramming the Current Address register while the 
DMA channel is in this mode, the Current Address 
must be programmed to an even address with the 
address value shifted right by one bit. The address 
shifting is shown in Table 6-4. 


reat x 
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6.7.4 STOP REGISTERS (RING BUFFER DATA 
STRUCTURE) 


a 


To support a common data communication data 
structure, (the ring buffer), a set of DMA registers 
have been provided. These registers are called Stop 
registers. Each channel has 22 bits of register loca- 
tion associated with it. The 22 bits are distributed 
between three different registers (one six-bit and 
two eight-bit). The Stop registers can be enabled or 
disabled by writing to the channel’s corresponding 
Extended Mode register. 


The ring buffer data structure reserves a fixed por- 
tion of memory, on Dword boundaries, to be used for 
a DMA channel. Consecutively received frames or 
other data structures are stored sequentially within 
the boundaries of the ring buffer memory. 


The beginning and end of the ring buffer area is de- 
fined in the Base Address register and the Base Ad- 
dress register + the Base Byte/Transfer Count. The 
incoming frames (data) are deposited in sequential 
locations of the ring buffer. When the DMA reaches 
the end of the ring buffer, indicating the byte count 
has expired, the DMA controller (if so programmed) 
will Autoinitialize. Upon autoinitialization, the Current 
Address register will be restored from the Base Ad- 
dress register, taking the process back to the start of 
the ring buffer. The DMA will then be available to 
begin depositing the incoming bytes in the ring buff- 
ers sequential locations, providing that the CPU has 
read the data that was previously placed in those 
locations. The DMA determines that the CPU has 
read certain data by the value that the CPU writes 
into the Stop register. 


Table 6-4. Address Shifting in 16-Bit |/O DMA Transfers 


16-Bit 1/O 
Programmed | Programmed | Programmed 
Address 
(Shifted) 


AO a tg 
A[15:0] 
A[31:17] 


8-Bit 1/O 
Programmed 
Address 


Output 
Address 


A[16:1] 
A[31:17] 


NOTE: 


16-Bit I/O 32-Bit I/O 
Address Address 
(No Shift) (No Shift) 


AO AO 
A[16:01] A[16:01] 
A[31:17] A[31:17] 


The least significant bit of the Low Register is dropped in 16-bit shifted mode. 
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Once the data of a frame is read by the CPU, the 
memory location it occupies becomes available for 
other incoming frames. The Stop register prevents 
the DMA from over writing data that has not yet 
been read by the CPU. After the CPU has read a 
frame from memory it will update the Stop register to 
point to the location that was last read. The DMA will 
not deposit data into any location beyond that point- 
ed to by the stop register. The last address trans- 
ferred before the channel is masked is the first ad- 
dress that matches the Stop register. 


For example: 


If the stop register = 00001Ch, the last three trans- 
fers will be: 


Table 6-5. Stop Register Functionality Example 


|__| By Bytes | By Words | By Words 


XX00001Ah| XX000018h | XX000018h 


XX00001Ch |} XX00001Ch| XX00001Ch 


Decrement) XX000021h | XX000023h | XX000023h 
XX000020h | XX000021h | XX000021h 
XX00001Fh} XX00001Fh | XX00001Fh 


The Stop registers store values to compare against 
LA[23:2] only, so the size of the ring buffer is limited 
to 16 MBytes. 


6.7.5 BUFFER CHAINING MODE AND STATUS 
REGISTERS 


The Chaining Mode registers are used to implement 
the buffer chaining mode of a channel. The buffer 
chaining mode is useful when transferring data from 
a peripheral to several different areas of memory 
with one continuous transfer operation. Four regis- 
ters are used to implement this function: the Chain- 
ing Mode register, the Chaining Mode Status Regis- 
ter, the Channel Interrupt Status register, and the 
Chain Buffer Expiration Control register. 


The Chaining Mode register controls the buffer 
chaining initialization. Buffer chaining mode can be 
enabled or disabled. A Chaining Mode bit is used to 
indicate if Base register programming is complete 
and chaining can begin, or to hold off chaining be- 
cause the Base registers still need programming. 
Another bit dictates the buffer expiration response 
by indicating whether an IRQ13 or EOP should be 
issued when the buffer needs reprogramming. 


The Chaining Mode Status Register indicates wheth- 
er each channel’s chaining mode is enabled or dis- 
abled. 
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The Channel Interrupt Status Register indicates the 
channel source of a DMA chaining interrupt on 
IRQ13. The CPU can read this register to determine 
which channel asserted IRQ13 following a buffer ex- 
piration. 


The Chain Buffer Expiration Control Register is a 
read only register that reflects the outcome after the 
expiration of a chain buffer. If a channel bit is set to 
0, IRQ13 will be activated following the buffer expira- 
tion. If a channel bit is set to 1, EOP will be asserted 
following the buffer expiration. 


6.7.6 AUTOINITIALIZE 


By programming a bit in the Mode register, a chan- 
nel may be set up as an Autoinitialize channel. Dur- 
ing Autoinitialize initialization, the original values of 
the Current page, Current address and Current 
Byte/Word Count registers are automatically re- 
stored from the Base Address, and Word count 
registers of that channel following TC. The Base reg- 
isters are loaded simultaneously with the Current 
registers by the microprocessor and remain un- 
changed throughout the DMA service. The mask bit 
is not set when the channel is in Autoinitialize. Fol- 
lowing Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as 
soon as a valid DREQ is detected. 


NOTE: 
Autoinitialize will not function if the channel is also 
programmed for Scatter-Gather or buffer chaining. 
Only one of these features should be enabled at a 
time. 


6.8 Software Commands 


These are additional special software commands 
which can be executed in the Program Condition. 
They do not depend on any specific bit pattern on 
the data bus. The three software commands are: 


1. Byte Pointer Flip-Flop 
2. Master Clear, and 
3. Clear Mask Register. 


6.8.1 CLEAR BYTE POINTER FLIP-FLOP 


This command is executed prior to writing or reading 
new address or word count information to the DMA. 
This initializes the flip-flop to a known state so that 
subsequent accesses to register contents by the mi- 
croprocessor will address upper and lower bytes in 
the correct sequence. 
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When the CPU is reading or writing DMA registers, 
two Byte Pointer Flip-Flops are used; one for Chan- 
nels 0-3 and one for Channels 4-6. Both of these 
act independently. There are separate software 
commands for clearing each of them (OCh for Chan- 
nels 0-3, OD8h for Channels 4-7). 


An additional Byte Pointer Flip-Flop has been added 
for use when EISA masters are reading and writing 
DMA registers. (The arbiter state will be used to de- 
termine the current master of the bus.) This Flip-Flop 
is cleared when an EISA Master performs a write to 
either 0OCh or OD8h. There is one Byte Pointer Flip- 
Flop per eight DMA channels. This Byte Pointer was 
added to eliminate the problem of the CPU’s byte 
pointer getting out of synchronization if an EISA 
Master takes the bus during the CPU’s DMA pro- 
gramming. 


6.8.2 DMA MASTER CLEAR 


This software instruction has the same effect as the 
hardware Reset. The Command, Status, Request, 
and Internal First/Last Flip-Flop registers are 
cleared and the Mask register is set. The DMA Con- 
troller will enter the idle cycle. 


There are two independent Master Clear Com- 
mands, ODh which acts on Channels 0-3, and ODAh 
which acts on Channels 4-6. 


6.8.3 CLEAR MASK REGISTER 


This command clears the mask bits of all four chan- 
nels, enabling them to accept DMA requests. !/O 
port OOEh is used for Channels 0-3 and I/O port 
ODCh is used for Channels 4-6. 


6.9 Terminal Count/EOP Summary 
This is a summary of the events that will happen as 


a result of a terminal count or external EOP when 
running DMA in various modes. 
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Table 6-6. Terminal Count/EOP Summary Table 


Pano | we ee 
Cia ANE Sa 
[Word Gomer Expt] Yoo] x [ves] x 


SW Request clr 
Current Register 


NOTES: 

load = Load Current From Base 
—’’ = No Change 

X = Don’t Care 

clr = Clear 


6.10 Buffer Chaining 


The buffer chaining mode of a channel is useful for 
transferring data from a peripheral to several differ- 
ent areas of memory within one transfer operation 
(from the DMA device’s viewpoint). This is accom- 
plished by causing the DMA to interrupt the CPU for 
more programming information while the previously 
programmed transfer is still in progress. Upon com- 


_ pletion of the previous transfer, the DMA controller 


will then load the new transfer information automati- 
Cally. In this way, the entire transfer can be complet- 
ed without interrupting the operation of the DMA de- 
vice. This mode is most useful for DMA single-cycle 
or demand modes where the transfer process allows 
time for the CPU to execute the interrupt routine. 


The buffer chaining mode of a channel may be en- 
tered by programming the address and count of a 
transfer as usual. After the initial address and count 
is programmed, the Base registers are selected via 
the Chaining Mode register Chaining Mode Enabled 
bit. The address and count for the second transfer 
and both the Chaining Mode Enabled and the Pro- 
gram Complete bit of the Chaining Mode register 
should be programmed at this point, before starting 
the DMA process. When, during the DMA process, 
the Current Buffer is expired, the Base address, 
Page, and Count registers will be transferred to the 
Current registers and a signal that the buffer has 
been expired is sent to the programming master. 


cd 
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This signal will be an IRQ13 if the master is the CPU, 
or a TC if the programming master is an EISA Mas- 
ter device. The type of programming master is indi- 
cated in the DMA’s Chaining Mode Register, Bit 4. If 
the CPU is the programming master for the Channel, 
TC will be generated only if the Current buffer ex- 


pires and there is no Next Buffer stored in the Base 
registers. 


Upon the expiration of a Current Buffer, the new 
Base register contents should be programmed and 
both the Chaining Mode Enabled and Program com- 
plete bits of the Chaining Mode register should be 
set. This resets the interrupt, if the CPU was the 
programming master, and allows for the next Base 
register to Current register transfer. If the Program 
Complete bit is not set before the current transfer 
reaches TC, then the DMA controller will set the 
Mask Bit and the TC bit in the Status register and 
stop transferring data. In this case, an over-run is 
likely to occur. To determine if this has, a read of 
either Status register or the Mask register can be 
done (the Mask register has been made readable). If 
the channel is masked or has registered a TC, the 
DMA channel has been stopped and the full ad- 
dress, count, and chaining mode must be pro- 
grammed to return to normal operation. 


Note that if the CPU is the programming master, an 
interrupt will only be generated if a Current Buffer 
expires and chaining mode is enabled. It will not oc- 
cur during initial programming. The Channel Interrupt 
Status register will indicate pending interrupts only. 
That is, it will indicate an empty Base register with 
Chaining Mode enabled. When Chaining mode is en- 
abled, only the Base registers are written by the 
processor, and only the Current registers can be 
read. The Current registers are only updated on a 
TC. 


6.11 Refresh Unit 


The ESC provides an EISA Bus compatible refresh 
unit that provides 14 bits of refresh address for 
EISA/ISA bus DRAMS that do not have their own 
local refresh units. The refresh system uses the 
combined functions of the Interval Timers, the DMA 
Arbiter, DMA address counter, and EISA Bus Con- 
troller. Functionally, the Refresh unit is a sub-section 
of the ESC DMA unit. The DMA Address Counter is 
used to increment the Refresh Address register fol- 
lowing each refresh cycle. Interval Counter 1, Timer 
1 generates an internal refresh request. The DMA 
Arbiter detects a Refresh signal from either the 
Counter/Timer or the REFRESH# input and deter- 
mines when the refresh will be done. The DMA 
drives the refresh address out onto the LA address 
bus. The cycle is decoded and driven onto the EISA 
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address bus by the EISA Bus Controller. The ESC 
EISA Bus Controller is responsible for generating 
the EISA cycle control signals. Timer 1 Counter 1 _ 
should be programmed to provide a refresh request 

about every 15 us. 


Requests for refresh cycles are generated by two 
sources: the ESC (Timer 1 Counter 1), and 16-bit 
masters that activate REFRESH# when they own 
the EISA bus. 


If a 16-bit ISA bus master holds the bus longer than 
15 ps, it must initiate memory refresh cycles. If the 
ISA Master initiates a Refresh cycle while it owns 
the bus, it floats the address lines and cycle control 
signals and asserts REFRESH# to the ESC. The 
ESC EISA Bus Controller generates the cycle con- 
trol signals and the ESC DMA Refresh unit supplies 
the refresh address. The ISA Master must then wait 
one BCLK after MRDC# is negated before floating 
REFRESH #¥ and driving the address lines and con- 
trol signals. 


Typically, the refresh cycle length is five BCLK’s. 
The I/O slave can insert one wait state to extend the 
cycle to six BCLK’s by asserting CHRDY. The ESC 
EISA Bus Controller, upon seeing REFRESH#, 
knows to run refresh cycles instead of DMA cycles. 


7.0 EISA BUS ARBITRATION 


The ESC receives requests for EISA Bus ownership 
from several different sources; from DMA devices, 
from the Refresh counter, from EISA masters and 
from PCI agents. PCI agents requesting the EISA 
Bus request the EISA Bus through the PCEB. Addi- 
tionally, 16-bit ISA Masters may request the bus 
through a cascaded DMA channel (see the Cascade 
mode description in Section 6.2.4). 


7.1. Arbitration Priority 


At the top level of the arbiter, the ESC uses a three 
way rotating priority arbitration method. On a fully 
loaded bus, the order in which the devices are grant- 
ed bus access is independent of the order in which 
they assert a bus request, since devices are serv- 
iced based on their position in the rotation. The arbi- 
tration scheme assures that DMA channels and 
EISA masters are able to access the bus with mini- 
mal latency. 


The PCEB and EISA Masters share one of the slots 
in the three way rotating priority scheme. This shar- 
ing is a two way rotation between the CPU and EISA 
Masters as a group. In this arbitration scheme, the 
PCEB acts on behalf of the CPU and all other PCI 
masters. 
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EISA Masters have a rotating priority structure which 
can handle up to eight master requests. 


The next position in the top level arbiter is occupied 
by the DMA. The DMA’s DREQ lines can be placed 
in either fixed or rotating priority. The default mode is 
fixed and by programming the DMA Command regis- 


ters, the priority can be modified to rotating priority ~ 


mode. 


7.2 Preemption 


An EISA compatible arbiter ensures that minimum 
latencies are observed for both EISA DMA devices, 
and EISA Masters. 


7.2.1 PCEB EISA BUS ACQUISITION AND 
PCEB PREEMPTION 


EISA Bus arbitration is intended to be optimized for 
CPU access to the EISA bus. Since the CPU access- 
es the EISA Bus through the PCEB, the PCEB is 
assumed to be the default owner of the EISA bus. 
The arbitration interface between the PCEB and the 
ESC is implemented as a HOLD/HLDA (EISAHOLD/ 
EISAHLDA) pair. 


BCLK 


EISAHOLD 
EISAHLDA 
MREQO# 
MACKO# 
REFRESH# 
DREQO 
DACKO# 
START# 
CMD# 
AEN# 


NMFLUSH 


Rapoty: 


oo 
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If a PCI cycle requires access to the EISA Bus while 
EISAHLDA signal is asserted (EISA Bus busy) the 
PCI cycle is retried, and the PCEB requests the EISA 
bus by asserting PEREQ#. The ESC, after sampling 
PEREQ# asserted, preempts the current owner of 
the EISA Bus. The ESC grants the EISA Bus by neg- 
ating EISAHOLD signal. 


The ESC asserts EISAHOLD to the PCEB when the 
ESC needs to acquire the ownership of the EISA 
bus. While EISAHOLD is asserted, the arbitration 
process is dynamic and may change, i.e., the ESC is 
still accepting EISA Bus requests. When the PCEB 
returns EISAHLDA, the arbiter freezes the arbitration 
process and determines the winner. If the new win- 
ner is an EISA Master or DMA channel, the ESC will 
assert NMFLUSH#. The ESC ttri-states the 
NMFLUSH# output driver on the following clock. 
The PCEB holds NMFLUSH# asserted until all buff- 
ers are flushed. After all buffers are flushed, the 
PCEB negates NMFLUSH# and then tri-state the 
output buffer. After sampling NUFLUSH# negated, 
the ESC resumes driving NMFLUSH# on the next 
PCI clock. This way the ESC does not assert 
MACK# or DACK# until the PCEB acknowledges 
that all line buffers have been flushed. 
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Figure 7-1. EISA Arbitration 
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Figure 7-2. PCEB Preemption 


7.2.2 EISA MASTER PREEMPTION 


EISA specification requires that EISA Masters must 
release the bus within 64 BCLKs (8 ps) after the 
ESC negates MACKx#. If the bus master attempts 
to start a new bus cycle after this timeout period, a 
bus timeout (NMI) is generated and the RSTDRV is 
asserted to reset the offending bus master. 


7.2.3 DMA PREEMPTION 


A DMA slave device that is not programmed for 
compatible timing is preempted from the EISA Bus 
by another device that requests use of the bus. This 
will occur regardless of the priority of the pending 
request. For DMA devices not using compatible tim- 
ing mode, the DMA controller stops the DMA trans- 
fer and releases the bus within 32 BCLK (4 pus) of a 
preemption request. Upon the expiration of the 4 us 
timer, the DACK is negated after the current DMA 
cycle has completed. The EISA Bus then arbitrated 
for and granted to the highest priority requester. This 
feature allows flexibility in programming the DMA for 
long transfer sequences in a performance timing 
mode while guaranteeing that vital system services 
such as Refresh are allowed access to the expan- 
sion bus. ? 


The 4 ps timer is not used in compatible timing 
mode. It is only used for DMA channels programmed 
for Type ‘A’, Type ‘‘B’”’, or Type “C”’ (Burst) timing. 
The 4 us timer is also not used for 16-bit ISA mas- 
ters cascaded through the DMA DREQ lines. 


lf the DMA channel that was preempted by the 4 us 
timer is operating in Block mode, an internal bit will 
be set so that the channel will be arbitrated for 
again, independent of the state of DREQ. 


7.3 Slave Timeouts 


A slave which does not release EXRDY or CHRDY 
can cause the CMD# active time to exceed 256 
BCLKs (32 ps). The ESC does not monitor EXRDY 
or CHRDY for this timeout. Typically this function is 
provided in a system through a third party add-in 
card. The add-in cards which monitor EXRDY or 
CHRDY assert IOCHK signal when the 256 BCLK 
count expires. The ESC in response asserts NMI. 


The only way that a 16-bit ISA Master can be pre- 


empted from the EISA bus is if it exceeds the 256 
BCLK (32 ys) limit on CMD# active. 
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7.4 Arbitration During Non-Maskable 
Interrupts 


If a non-maskable interrupt (NMI) is pending at the 
PCEB, and the PCEB is requesting the bus, the DMA 
and EISA Masters will be bypassed each time they 
come up for rotation. This gives the PCEB the EISA 


Bus bandwidth on behalf of the CPU to process the 


interrupt as fast as possible. 


8.0 INTERVAL TIMERS 


The ESC contains five counter/timers that are 
equivalent to those found in the 82C54 programma- 
ble interval timer. The five counters are contained in 
two separate ESC timer units, referred to as Timer 1 
and Timer 2. The ESC uses the Timers to implement 
key EISA system functions. Timer 1 contains three 
counters, and Timer 2 contains two counters. EISA 
systems do not use the middle counter on Timer 2. 


Interval Timer 1, Counter 0 is connected to the inter- 
rupt controller IRQO and provides a system timer in- 
terrupt for a time-of-day, diskette time-out, or other 
system timing functions. Counter 1 generates a re- 
fresh-request signal and Counter 2 generates the 
tone for the speaker. 


Interval Timer 2, Counter 0 implements a fail safe 
timer. Counter 0 generates NMI at regular intervals, 
thus preventing the system from locking up. Counter 
1 is not used. Counter 2 is used to slow down the 
CPU by means of pulse-width modulation. The out- 
put of Timer-2 Counter 2 is tied to the SLOWH# 
signal. 


Table 8-1. Interval Timer Functions 


Interval Timer Functions 


Function Counter 0 Counter 0 
System Timer Fail-Safe Timer 


Gate Always On 
Clock In 1.193 MHz (OSC/12) 
Out INT-1 IRQO 


Always On 
0.298 MHz (OSC/48) 
NMI Interrupt 


Counter 1 
Refresh Request 


Gate Always On 


Clock In 1.193 MHz (OSC/12) 
Out Refresh Request 


Counter 2 Counter 2 
Gate Programmable 

Port 61h 
Clock In 1.193 MHz (OSC/12) 
Out Speaker 


Refresh Request 


8 MHz (BCLK) 
CPU Speed Control 
(SLOWH #) 


1-364 


3 
intel. 


8.1 Interval Timer Address Map 


The following table shows the I/O address map of 
the interval timer counters: 


Table 8-2. Interval Timer |/O Address Map 


1/0 Port ! 
Register Description 


040h Timer 1, System Timer (Counter 0) 


(Counter 1) 


04Ah Timer 2, CPU Speed Control 
(Counter 2) 


04Bh Timer 2, Control Word Register 


Timer 1—Counter 0, System Timer 


This counter functions as the system timer by con- 
trolling the state of IRQ[O] and is typically pro- 
grammed for Mode 3 operation. The counter produc- 
es a square wave with a period equal to the product 
of the counter period (838 ns) and the initial count 
value. The counter loads the initial count value one 
counter period after software writes the count value 
to the counter I/O address. The counter initially as- 
serts IRQ(0] and decrements the count value by two 
each counter period. The counter negates IRQ[0] 
when the count value reaches 0. It then reloads the 
initial count value and again decrements the initial 
count value by two each counter period. The counter 
then asserts IRQ[0] when the count value reaches 
“Q’’, reloads the initial count value, and repeats the 
cycle, alternately asserting and negating IRQ[O]. 


Timer 1—Counter 1, Refresh Request Signal 


This counter provides the Refresh Request signal 
and is typically programmed for Mode 2 operation. 
The counter negates Refresh Request for one coun- 
ter period (833 ns) during each count cycle. The ini- 
tial count value is loaded one counter period after 
being written to the counter I/O address. The coun- 
ter initially asserts Refresh Request, and negates it 
for 1 counter period when the count value reaches 
1. The counter then asserts Refresh Request and 
continues counting from the initial count value. 
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Timer 1—Counter 2, Speaker Tone 


This counter provides the speaker tone and is typi- 
cally programmed for Mode 3 operation. The coun- 
ter provides a speaker frequency equal to the coun- 
ter clock frequency (1.193 MHz) divided by the initial 
count value. The speaker must be enabled by a 
write to port O61h (see Section 3.7 on the NMI 
Status and Control ports). 


Timer 2—Counter 0, Fail-Safe Timer 


This counter functions as a fail-safe timer by pre- 
venting the system from locking up. This counter 
generates an interrupt on the NMI line as the count 
expires by setting bit 7 on Port 0461. Software rou- 
tines can avoid the Fail-Safe NMI by resetting the 
counter before the timer count expires. 


Timer 2—Counter 2, CPU Speed Control 


This counter generates the SLOWH# to the CPU 
and is typically programmed for Mode 1 operation. 
The counter is triggered by the refresh request sig- 
nal generated by Timer 1—Counter 1 only. If the 
counter is programmed, the counters SLOWH # out- 
put will stop the CPU for the programmed period of 
the one-shot every time a refresh request occurs. 
This counter is not configured or programmed until a 
speed reduction in the system is required. 


8.2 Programming the Interval Timer 


The counter/timers are programmed by I/O access- 
es and are addressed as though they are contained 
in two separate 82C54 interval timers. Timer 1 con- 
tains three counters and Timer 2 contains two coun- 
ters. Each Timer is controlled by a separate Control 
Word register. 


The interval timer is an |/O-mapped device. Several 
commands are available: 


e The Control Word Command specifies: 
—which counter to read or write 
—the operating mode 
—the count format (binary or BCD) 


e The Counter Latch Command latches the current 
count so that it can be read by the system. The 
countdown process continues. 


e The Read Back Command reads the count value, 
programmed mode, the current state of the OUT 
pins, and the state of the Null Count Flag of the 
selected counter. 
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The Read/Write Logic selects the Control Word reg- 
ister during an I/O write when address lines A1, AO 
= 11. This condition occurs during an !/O write to 
port addresses 043h and O4Bh, the addresses for 
the Control Word Register on Timer 1 and Control 
Word Register on Timer 2 respectively. If the CPU 
writes to port 043h or port 04Bh, the data is stored in 
the respective Control Word Register and is inter- 
preted as a Control Word used to define the opera- 
tion of the Counters. 


The Control Word Register is write-only. Counter 
Status information is available with the Read-Back 
Command. 


Table 8-3 lists the six operating modes for the inter- 
val counters. Section 8.4 describes each mode’s 
function in detail. 


Table 8-3. Counter Operating Modes 


Out signal on end of count (= 0) 


ode 
= 
1 | Hardware retggeable one-shot 
2 | Rat generator (de by n courte) 
oa 
am 


Square wave output 
Software triggered strobe 
Hardware triggered strobe 


Because the timer counters wake up in an unknown 
state after power-up, multiple refresh requests may 
be queued up. To avoid possible multiple refresh cy- 
cles after power-up, program the timer counter im- 
mediately after power-up. 


Write Operations 


Programming the interval timer is a simple process: 
1. Write a control word. 
2. Write an initial count for each counter. 


3. Load the least and/or most significant bytes (as 
required by Control Word Bits 5, 4) of the 16-bit 
counter. 


The programming procedure for the ESC timer units 
is very flexible. Only two conventions need to be 
observed. First, for each Counter, the Control Word 
must be written before the initial count is written. 
Second, the initial count must follow the count for- 
mat specified in the Control Word (least significant 
byte only, most significant byte only, or least signifi- 
cant byte and then most significant byte). 
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Since the Control Word Register and the three 
Counters have separate addresses (selected by the 
A1, AO inputs), and each Control Word specifies the 
Counter it applies to (SCO, SC1 bits), no special in- 
struction sequence is required. Any programming 
sequence that follows the conventions above is ac- 
ceptable. 


A new initial count may be written to a Counter at 
any time without affecting the Counter’s pro- 
grammed Mode in any way. Counting will be affected 
as described in the Mode definitions. The new count 
must follow the programmed count format. 


lf a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 


interval Timer Control Word Format 


The Control Word specifies the counter, the operat- 
ing mode, the order and size of the COUNT value, 
and whether it counts down in a 16-bit or binary-cod- 
ed decimal (BCD) format. After writing the control 
word, a new count may be written at any time. The 
new value will take effect according to the pro- 
grammed mode. 


lf a counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 


must not transfer control between writing the first 


and second byte to another routine which also writes 
into that same counter. Otherwise, the counter will 
be loaded with an incorrect count. The count must 
always be completely loaded with both bytes. 


Read Operations 


It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easi- 
ly done in the ESC timer units. 


There are three possible methods for reading the 
counters: a simple read operation, the Counter 
Latch Command, and the Read-Back Command. 


Counter I/O Port Read 


The first method is to perform a simple read opera- 
tion. To read the Counter the CLK input of the se- 
lected Counter must be inhibited by using either the 
GATE input or external logic. Otherwise, the count 
may be in the process of changing when it is read, 
"giving an undefined result. When reading the count 
value directly, follow the format programmed in the 
control register: read LSB, read MSB, or read LSB 
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then MSB. Within the ESC timer unit, the GATE input 
on Timer 1 Counter 0, Counter 1 and Timer 2 Coun- 
ter O are tied high. Therefore, the direct register read 
should not be used on these two counters. The 
GATE input of Timer 1 Counter 2 is controlled 
through I/O port O61h. If the GATE is disabled 


through this register, direct |1/O reads of port 042h 
will return the current count value. 


Counter Latch Command 


The Counter Latch command latches the count at 
the time the command is received. This command is 
used to insure that the count read from the counter 
is accurate (particularly when reading a two-byte 
count). The count value is then read from each 
counter’s Count register as was programmed by the 
Control register. 


The selected Counter’s output latch (OL) latches the 
count at the time the Counter Latch Command is 
received. This count is held in the latch until it is read 
by the CPU (or until the Counter is reprogrammed). 
The count is then unlatched automatically and the 
OL returns to “following” the counting element (CE). 
This allows reading the contents of the Counters 
“on the fly” without affecting counting in progress. 
Multiple Counter Latch Commands may be used to 
latch more than one Counter. Each latched Coun- 
ter’s OL holds its count until it is read. Counter Latch 
Commands do not affect the programmed Mode of 
the Counter in any way. The Counter Latch Com- 
mand can be used for each counter in the ESC timer 
unit. 


lf a Counter is latched and then, some time later, 
latched again before the count is read, the second 
Counter Latch Command is ignored. The count read 
will be the count at the time the first Counter Latch 
Command was issued. 


With either method, the count must be read accord- 
ing to the programmed format; specifically, if the 
Counter is programmed for two byte counts, two 
bytes must be read. The two bytes do not have to be 
read one right after the other; read, write, or pro- 
gramming operations for other Counters may be in- 
serted between them. 


Another feature of the ESC timer unit is that reads 
and writes of the same Counter may be interleaved. 
For example, if the Counter is programmed for two 
byte counts, the following, sequence is valid: 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 


B 
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One precaution is worth noting. If a Counter is pro- 
grammed to read/write two-byte counts, a program 
must not transfer control between reading the first 
and second byte to another routine which also reads 


from that same Counter. Otherwise, an incorrect 
count will be read. 


Read Back Command 


The third method uses the Read-Back command. 
The Read-Back command is used to determine the 
count value, programmed mode, and current states 
of the OUT pin and Null Count flag of the selected 
counter or counters. The Read-Back command is 
written to the Control Word register, which causes 
the current states of the above mentioned variables 
to be latched. The value of the counter and its status 
may then be read by |/O access to the counter ad- 
dress. 


The read-back command may be used to latch multi- 
ple counter output latches (OL) by setting the 
COUNT# bit D5 = O and selecting the desired 
counter(s). This single command is functionally 
equivalent to several counter latch commands, one 
for each counter latched. Each counter’s latched 
count is held until it is read (or the counter is repro- 
grammed). Once read, a counter is automatically un- 
latched. The other counters remain latched until 
they are read. If multiple count read-back commands 
are issued to the same counter without reading the 
count, all but the first are ignored; i.e., the count 
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which will be read is the count at the time the first 
read-back command was issued. 


The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS # bit D4 = 0. Status must be latched to be 
read. The status of a counter is accessed by a read 
from that counter’s I/O port address. 


If multiple counter status latch operations are per- 


formed without reading the status, all but the first are 
ignored. The status returned from the read is the 
counter status at the time the first status read-back 
command was issued. 


Both count and status of the selected counter(s) 
may be latched simultaneously by setting both the 
COUNT# and STATUS# bits [5:4] = OOb. This is 
functionally the same as issuing two consecutive, 
separate read-back commands. The above discus- 
sions apply here also. Specifically, if multiple count 
and/or status read-back commands are issued to 
the same counter(s) without any intervening reads, 
all but the first are ignored. 


If both count and status of a counter are latched, the 
first read operation from that counter will return the 
latched status, regardless of which was latched first. 
The next one or two reads (depending on whether 
the counter is programmed for one or two type 
counts) return the latched count. Subsequent reads 
return unlatched count. 
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9.0 INTERRUPT CONTROLLER 


The ESC provides an E!SA compatible interrupt con- 
troller which incorporates the functionality of two 
82C59 interrupt controllers. The two controllers are 
cascaded so that 14 external and two internal inter- 
rupts are possible. The master interrupt controller 
provides IRQ [7:0] and the slave interrupt controller 
provides IRQ [15:8] (see Figure 9-1). The two inter- 
nal interrupts are used for internal functions only and 
are not available at the chip periphery. IRQ2 is used 
to cascade the two controllers together and IRQO is 
used as a system timer interrupt and is tied to Inter- 


Timer 1 Counter 0 
ro —_—_———— eee > 


IRQ3 
IRQ4 
IRQ5 
IRQ6 
IRQ7 


IRQ8# 

IRQ9 

IRQ10 

IRQ11 
IRQ12 or ABFULL 
IRQ13 or FERR# 

IRQ14 

IRQ15 


NOOR WN ~~ © 


oe 


NO Oh WN — OS 


oe ae 
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val Timer 1, Counter 0. The remaining 14 interrupt 
lines (IRQ1, IRQ3-IRQ15) are available for external 
system interrupts. Edge or level sense selection is 
programmable on a by-controller basis. 


The Interrupt Controller consists of two separate 
82C59 cores. Interrupt Controller 1 (CNTRL-1) and 
Interrupt Controller 2 (CNTRL-2) are initialized sepa- 
rately, and can be programmed to operate in differ- 
ent modes. The default settings are: 80x86 Mode, 
Edge Sensitive (IRQ0-15) Detection, Normal EOI, 
Non-Buffered Mode, Special Fully Nested Mode dis- 
abled, and Cascade Mode. CNTRL-1 is connected 
as the Master Interrupt Controller and CNTRL-2 is 
connected as the Slave Interrupt Controller. 


82C59 


(INTR) 
CORE 


INT 


CONTROLLER 1 (To CPU) 


(MASTER) 


82C59 
CORE 
CONTROLLER 2 (INTR) 


(SLAVE) 


290476-82 


Figure 9-1. Block Diagram of The Interrupt Controller 
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Table 9-1 lists the |1/O port address map for the in- 


terrupt registers: 


Table 9-1. |/O Address Map 


1/0 # of 
Interrupts . Register 
IRQ(7:0] CNTRL-1 Control 
Register 
IRQ(7:0] 0021h boty Pee Mask 


ty fees 


IRQ(7:0] 04D0h CNTRL-1 Edge/ 
Level Control 
Register 

IRQ(15:8] OOAO0h CNTRL-2 Control 
Register 

IRQ(15:8] OOA1h CNTRL-2 Mask 
Register 


IRQ(15:8] 04D1th CNTRL-2 Edge/ 
Level Control 
Register 


IRQO, and IRQ2 are connected to the interrupt con- 
trollers internally. The other interrupts are always 
generated externally. IRQ12 and IRQ13 may be gen- 
erated internally through the ABFULL and FERR# 
signals respectively. 
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Table 9-2. Typical interrupt Functions 
Typical 
Interrupt 


Label | Controller 
Source 
1 Interval Timer 1, 
Counter 0 OUT 
| 2 jor | 1 | Keyboard 
Interrupt from 
Controller 2 
| 3 [iRas#}| 2 | RealTime Clock 
Expansion Bus Pin 
BO4 
Expansion Bus Pin 
DO3 
IRQ11 Expansion Bus Pin 
D04 
7 IRQ12 Expansion Bus Pin 
DO5 
IRQ13 Coprocessor Error, 
Chaining 


Fixed Disk Drive 
Controller 
Expansion Bus Pin 
DO7 


Expansion Bus Pin 
DO6 


Serial Port 2, 
Expansion Bus 


Serial Port 1, 
Expansion Bus 


Parallel Port 2, 
Expansion Bus 


Diskette Controller, 
Expansion Bus 


Parallel Port 1, 
Expansion Bus 
B21 


io 
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9.1. Interrupt Controller Internal 
Registers 


Several registers are contained internally within 
each 82C59. The interrupts at the IRQ input lines are 
handled by two registers in cascade, the Interrupt 
Request Register (IRR) and the In-Service Register 
(ISR). The IRR is used to store all the interrupt levels 
which are requesting service and the ISR is used to 


store all the interrupt levels which are being serv- 


iced. 


Internal circuitry determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
Interrupt Acknowledge Cycles. 


The Interrupt Mask Register (IMR) stores the bits 
which mask the incoming interrupt lines. The IMR 
operates on the IRR. Masking of a higher priority 
input will not affect the interrupt request lines of low- 
er priority inputs. 


9.2 Interrupt Sequence 


The powerful features of the Interrupt Controller in a 
microcomputer system are its programmability and 
the interrupt routine addressing capability. The latter 
allows direct or indirect jumping to the specific inter- 
rupt routine requested without any polling of the in- 
terrupting devices. The following shows the interrupt 
sequence for an x86 type system (the 8080 mode of 
the interrupt controller must never be selected when 
programming the ESC). 


Note that externally, the interrupt acknowledge cycle | 


sequence appears different than in a traditional dis- 
crete 82C59 implementation. However, the tradition- 
al interrupt acknowledge sequence is generated 
within the ESC and it is an EISA compatible imple- 
mentation. 


1. One or more of the Interrupt Request (IRQ[x]) 
lines are raised high, setting the corresponding 
IRR bit(s). 

2. The Interrupt Controller evaluates these re- 


quests, and sends an INT to the CPU, if appropri- 
ate. 


3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle. This cycle is 
translated into a PCl bus command. This PCI 
command is broadcast over the PCI bus as a sin- 
gle cycle as opposed to the two cycle method 
typically used. 


4. Upon receiving an interrupt acknowledge cycle 
from the CPU over the PCI, the PCEB converts 
the single cycle into an INTA# pulse to the ESC. 
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The ESC uses the INTA# pulse to generate the 
two cycles that the internal 8259 pair can re- 
spond to with the expected interrupt vector. The 
cycle conversion is performed by a functional 
block in the ESC Interrupt Controller Unit. The 
internally generated interrupt acknowledge cycle 
is completed as soon as possible as the PCI bus 
is held in wait states until the interrupt vector data 
is returned. Each cycle appears as an interrupt 
acknowledge pulse on the INTA# pin of the cas- 
caded interrupt controllers. These two pulses are 
not observable at the ESC periphery. 


5. Upon receiving the first internally generated inter- 
rupt acknowledge, the highest priority ISR bit is 
set and the corresponding IRR bit is reset. The 
Interrupt Controller does not drive the Data Bus 
during this cycle. On the trailing edge of the first 
cycle pulse, a slave identification code is broad- 
cast by the master to the slave on a private, inter- 
nal three bit wide bus. The slave controller uses 
these bits to determine if it must respond with an 
interrupt vector during the second INTA# cycle. 


6. Upon receiving the second internally generated 
interrupt acknowledge, the Interrupt Controller re- 
leases an 8-bit pointer (the interrupt vector) onto 
the Data Bus where it is read by the CPU. 


7. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the sec- 
ond interrupt acknowledge cycle pulse. Other- 
wise, the ISR bit remains set until an appropriate 
EOI command is issued at the end of the inter- 
rupt subroutine. 


If no interrupt request is present at step four of either 
sequence (i.e., the request was too short in duration) 
the Interrupt Controller will issue an interrupt level 7. 


9.3 80x86 Mode 


When initializing the control registers of the 82C59, 
an option exists in Initialization Control Word Four 
(ICW4) to select either an 80x86 or an MSC-85 mi- 
croprocessor based system. The interrupt acknowl- 
edge cycle is different in an MSC-85 based system 
than in the 80x86 based system: the interrupt ac- 
knowledge takes three INTA# pulses with the MSC- 
85, rather than the two pulses with the 80x86. The 
ESC is used only in an 80x86 based system. You 
must program each interrupt controller's ICW4 bit-0 
to a ‘1” to indicate that the interrupt controller is 
operating in an 80x86 based system. This setting 
ensures proper operation during an interrupt ac- 
knowledge. 


intel. 
9.4 ESC Interrupt Acknowledge Cycle 


As discussed, the CPU generates an interrupt ac- 
knowledge cycle that is translated into a single PCI 
command and broadcast across the PCI bus to the 
PCEB. The PCEB pulses the INTA# signal to the 
ESC. The ESC Interrupt Unit translates the INTA# 
signal into the two INTA# pulses expected by the 
interrupt controller subsystem. The Interrupt Control- 
ler uses the first interrupt acknowledge cycle to in- 
ternally freeze the state of the interrupts for priority 
resolution. The first controller (CNTRL-1), as a mas- 
ter, issues a three bit interrupt code on the cascade 
lines to CNTRL-2 (internal to the ESC) at the end of 
the INTA# pulse. On this first cycle the interrupt 
controller block does not issue any data to the proc- 
essor and leaves its data bus buffers disabled. 
CNTRL-2 decodes the information on the cascade 
lines, compares the code to the byte stored in Initial- 
ization Command Word Three (ICW3), and deter- 
mines if it will have to broadcast the interrupt vector 
during the second interrupt acknowledge cycle. On 
the second interrupt acknowledge cycle, the master 
(CNTRL-1) or slave (CNTRL-2), will send a byte of 
data to the processor with the acknowledged inter- 
rupt code composed as follows: 


Table 9-3. Content of interrupt Vector 
Byte for 80x86 System Mode 


|__| 7 | be | ps | pa | D3 | b2 | D1 | Do 
inav,15|17| 76 [75] T4] 73] 4 {4 | 4 | 
ine, 14| 17 | T6| 15[ 74] 73} 4 | 1 | o 
ins, 13| 17 | 76|15[ 74] 73] 4 | o | + 
iRa4,12| 17 | T6| 15{ 74] T3| + | 0 | oO 
tras, 11| 17 | T6| 75 | T4{ 73} 0 | 4 | 1 | 
ina, 10| 17 | Té| 75 | T4{ 73] 0 | 4 | 0 | 
ina1,e | 17 | T6| 15 | T4{ 73] 0 | o | 1 | 
iRooe | 17 [76] 15/74] T3] 0 | o | o 


NOTE: 
T7-T3 represent the interrupt vector address (refer to Sec- 
tion 3.7, |CW2 register description). 


The byte of data released by the interrupt unit onto 
the data bus is referred to as the “interrupt vector”. 
The format for this data is illustrated on a per-inter- 
rupt basis in Table 9-3. 


9.5 Programming the Interrupt 
Controller | 


The Interrupt Controller accepts two types of com- 
mand words generated by the CPU or bus master: 
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1. Initialization Command Words (iCWs): Before 
normal operation can begin, each Interrupt Control- 
ler in the system must be initialized. In the 82C59, 
this is a two to four byte sequence. However, for the 
ESC, each controller must be initialized with a four 
byte sequence. This four byte sequence is required 
to configure the interrupt controller correctly for the 
ESC implementation. This implementation is EISA- 
compatible. 


The four initialization command words are referred 
to by their acronyms: ICW1, ICW2, ICW3, and ICW4. 


The base address for each interrupt controller is a 
fixed location in the |1/O memory space, at 0020h for 
CNTRL-1 and at OOAOh for CNTRL-2. 


An |/O write to the CNTRL-1 or CNTRL-2 base ad- 
dress with data bit 4 equal to 1 is interpreted as 
ICW1. For ESC-based EISA systems, three 1/O 
writes to “base address + 1” (021h for CNTRL-1 
and OAOh for CNTRL-2) must follow the ICW1. The 
first write to “‘base address + 1” (021h/0A0Oh) per- 
forms ICW2, the second write performs ICW3, and 
the third write performs ICW4. 


ICW1 starts the initialization sequence during which 
the following automatically occur: 


1. Following initialization, an interrupt request (IRQ) 
input must make a low-to-high transition to gener- 
ate an interrupt. 


. The Interrupt Mask Register is cleared. 
. IRQ7 input is assigned priority 7. 
. The slave mode address is set to 7. 


. Special Mask Mode is cleared and Status Read is 
set to IRR. 


oh W 


ICW2 is programmed to provide bits [7:3] of the in- 
terrupt vector that will be released onto the data bus 
by the interrupt controller during an interrupt ac- 
knowledge. A different base [7:3] is selected for 
each interrupt controller. Suggested values for a typ- 
ical EISA system are listed in Table 9-4. 


ICW3 is programmed differently for CNTRL-1 and 
CNTRL-2, and has a different meaning for each con- 
troller. 


For CNTRL-1, the master controller, |CW3 is used to 
indicate which IRQx input line is used to cascade 
CNTRL-2, the slave controller. Within the ESC inter- 
rupt unit, IRQ2 on CNTRL-1 is used to cascade the 
INT output of CNTRL-2. Consequently, bit-2 of ICW3 
on CNTRL-1 is set to a 1, and the other bits are set 
to 0’s. 
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For CNTRL-2, ICW3 is the slave identification code 
used during an interrupt acknowledge cycle. 
CNTRL-1 broadcasts a code to CNTRL-2 over three 
internal cascade lines if an IRQ[x] line from 
CNTRL-2 won the priority arbitration on the master 
controller and was granted an interrupt acknowledge 
by the CPU. CNTRL-2 compares this identification 
code to the value stored in ICW3, and if the code is 
equal to bits [2:0] of ICW3, CNTRL-2 assumes re- 
sponsibility for broadcasting the interrupt vector dur- 
ing the second interrupt acknowledge cycle pulse. 


ICW4 must be programmed on both controllers. At 
the very least, bit 0 must be set to a 1 to.indicate that 
the controllers are operating in an 80x86 system. 


2. Operation Command Words (OCWs): These 
are the command words which dynamically repro- 
gram the Interrupt Controller to operate in various 
interrupt modes. 


Any interrupt lines can be masked by writing an 
OCW1. A 1 written in any bit of this command word 
will mask incoming interrupt requests on the corre- 
sponding IRQx line. 


OCW2 is used to control the rotation of interrupt pri- 
orities when operating in the rotating priority mode 
and to control the End of Interrupt (EOI) function of 
the controller. 


OCWS3 is used to set up reads of the ISR and IRR, to 
enable or disable the Special Mask Mode (SMM), 
and to set up the interrupt controller in polled inter- 
rupt mode. 


The OCWSs can be written into the Interrupt Control- 
ler any time after initialization. Table 9-4 shows an 
example of typical values programmed by the BIOS 
at power-up for the ESC interrupt controller. 
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Table 9-4. Suggested Default Values 
for Interrupt Controller Registers 


| Port | Value | Description of Contents 


CNTLR-1, ICW1 
CNTLR-1, |\CW2 Vector Address 
for 0O00020h 
CNTLR-1, ICW3 Indicates Slave 
Connection 
CNTLR-1, ICW3 ICW4 8086 
Mode 
CNTLR-1, Interrupt Mask (may 
vary) 

| CNTLR-1, Edge/Level Control 
Register 
CNTLR-2, ICW1 
CNTLR-2, |CW2 Vector Address 
for 0001COh 
CNTLR-2, ICW3 Indicates Slave 
ID 
CNTL4-2, ICW4 8086 Mode 
CNTLR-2, Edge/Level Control 
Register 
CNTLR-2, Interrupt Mask (may 
vary) | 


| & - oad 


The following flow chart illustrates the sequence 
software must follow to load the interrupt controller 
Initialization Command. Words (ICWs). The se- 
quence must be executed for CNTRL-1 and CNTRL- 
2. After writing ICW1, ICW2, ICW3, and ICW4 must 
be written in order. Any divergence from this se- 
quence, such as an attempt to program an OCW, will 
result in improper initialization of the interrupt con- 
troller and unexpected, erratic system behavior. It is 
suggested that CNTRL-2 be initialized first, followed 
by CNTRL-1. 


In the ESC, it is required that all four Initialization 
Command Words (ICWs) be initialized. Also, as 
shown in Figure 9-3, all |CWs must be programmed 
prior to programming the OCWs. 


READY TO ACCEPT 
INTERRUPT REQUESTS 
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Must immediately follow 
ICW1 Access 


Must immediately follow 
ICW2 Access 


Must immediately follow 
ICW3 Access 
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Figure 9-2. Initialization Sequence for ESC Initialization Command Words (iICWs) 


9.6 End-of-interrupt Operation 


9.6.1 END OF INTERRUPT (EOI) 


The In Service (IS) bit can be reset either automati- 
cally following the trailing edge of the second inter- 
nal INTA# pulse (when AEOI! bit in ICW1 is set) or 
by a command word that must be issued to the Inter- 
rupt Controller before returning from a service rou- 
tine (EO! command). An EOI command must be is- 
sued twice with this cascaded interrupt controller 
configuration, once for the master and once for the 
slave. 


There are two forms of EOI commands: Specific and 
Non-Specific. When the Interrupt Controller is oper- 
ated in modes which preserve the fully nested struc- 
ture, it can determine which IS bit to reset on EOI. 
When a Non-Specific EO] command is issued, the 
Interrupt Controller will automatically reset the high- 
est IS bit of those that are set, since in the fully 
nested mode the highest IS level was necessarily 
the last level acknowledged and serviced. A non- 
specific EOI can be issued with OCW2 (EO! = 1, 
SL = 0, R = 0). 


1-373 


82374EB 


When a mode is used which may disturb the fully 
nested structure, the Interrupt Controller may no 
longer be able to determine the last level acknowl- 
edged. In this case a Specific End of Interrupt must 
be issued which includes as part of the command 
the IS level to be reset. A specific EO! can be issued 
with OCW2 (EO! = 1, SL = 1,R = 0, and LO-L2 is 
the binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EO! if 
the Interrupt Controller is in the Special Mask Mode. 


9.6.2 AUTOMATIC END OF INTERRUPT (AEOl) 
MODE 


lf AEOI = 1 in ICW4, then the Interrupt Controller 
will operate in AEOI mode continuously until repro- 
_ grammed by ICW4. Note that reprogramming |CW4 

implies that |CW1, |CW2, and ICW3 must be repro- 
grammed first, in sequence. In this mode the Inter- 
rupt Controller will automatically perform a non-spe- 
cific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse. Note that from a sys- 
tem standpoint, this mode should be used only when 
a nested multilevel interrupt structure is not required 
within a single Interrupt Controller. The AEO! mode 
can only be used in a master Interrupt Controller and 
not a slave (on CNTRL-1 but not CNTRL-2). 


9.7 Modes of Operation 


9.7.1 FULLY NESTED MODE 


This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority from 0 through 7 (0 being the high- 
est). When an interrupt is acknowledged the highest 
priority request is determined and its vector placed 
on the bus. Additionally, a bit of the Interrupt Service 
register (IS[0:7]) is set. This IS bit remains set until 
the microprocessor issues an End of Interrupt (EO!) 
command immediately before returning from the 
service routine. Or, if the AEOI (Automatic End of 
Interrupt) bit is set, this IS bit remains set until the 
trailing edge of the second internal INTA#. While 
the IS bit is set, all further interrupts of the same or 
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lower priority are inhibited, while higher levels will 
generate an interrupt (which will be acknowledged 


only if the microprocessor internal Interrupt Enable 
flip-flop has been re-enabled through software). 


After the initialization sequence, IRQO has the high- 
est priority and IRQ7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 


9.7.2 THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the special 
fully nested mode will be programmed to the master 
(using ICW4). This mode is similar to the normal 
nested mode with the following exceptions: 


e When an interrupt request from a certain slave is 
in service, this slave is not locked out from the 
master’s priority logic and further interrupt re- 
quests from higher priority IRQ’s within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nested 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 


e When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the 
master too. If not, no EOI should be sent. 


9.7.3 AUTOMATIC ROTATION (EQUAL 
PRIORITY DEVICES) 


In some applications there are a number of interrupt- 
ing devices of equal priority. Automatic rotation 
mode provides for a sequential 8-way rotation. In 
this mode a device receives the lowest priority after 
being serviced. In the worst case, a device request- 
ing an interrupt will have to wait until each of seven 
other devices are serviced at most once. Figure 9-3 
shows an example of automatic rotation. 
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If the priority and "in service" status is: 
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Before Rotate (IRQ4 the highest priority requiring service) 


IS7 IS6 IS5 1S4 IS3 IS2 IS1 ISO 


‘Is’ Status|0 | 1 [0/1 |o |0 |0 Jo | 


Priorit 
sauol7 [61s l4[sleTrlo} 
Lowest 


Priority Priority 


After Rotate (iIRQ4 was serviced, all other priorities rotated correspondingly) 


IS7 IS6 IS5 1S4 IS3 IS2 IS1 ISO 


"Is*Status | 0 | 1 | 0 [0 | 0 | 0] 0/0 | 


Priority 
Status 


Lowest Priority 
Highest Priority 
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Figure 9-3. Automatic Rotation Mode Example 


There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EO! 
Command (R = 1, SL = 0, EOI = 1) and the Ro- 
tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EO! = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 


9.7.4 SPECIFIC ROTATION 
(SPECIFIC PRIORITY) 


The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities. For example, if IRQ5 is programmed as the 
bottom priority device, then IRQ6 will be the highest 
priority device. 


The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. See the register 
description for the bit definitions. 


Note that in this mode internal status is updated by 
software control during OCW2. However, it is inde- 
pendent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, 
SL = 1, EOI = 1 and LO-L2 = IRQ level to receive 
bottom priority). 


9.7.5 POLL COMMAND 


The Polled Mode can be used to conserve space in 
the interrupt vector table. Multiple interrupts that can 
be serviced by one interrupt service routine do not 
need separate vectors if the service routine uses the 
poll command. 


The Polled Mode can also be used to expand the 
number of interrupts. The polling interrupt service 
routine can call the appropriate service routine, in- 
stead of providing the interrupt vectors in the vector 
table. 


In this mode the INT output is not used and the mi- 
croprocessor internal Interrupt Enable flip-flop is re- 
set, disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 


The Poll command is issued by setting P = 1 in 
OCWS. The Interrupt Controller treats the next I/O 
read pulse to the Interrupt Controller as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 
request, and reads the priority level. Interrupts are 
frozen from the I/O write to the I/O read. 
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The word enabled onto the data bus during I/O read is: 


D7 D6. D5 D4. =—s 93 D2 


NOTES: 


290476-85 


W0-W2: Binary code of the highest priority level requesting service. 


Bit D7-1: Equal to “1” if there is an interrupt. 


Figure 9-4. Polled Mode 


This mode is useful if there is a routine command 
common to several levels so that the INTA# se- 
quence is not needed (saves ROM space). 


9.7.6 CASCADE MODE 


The Interrupt Controllers in the ESC system are in- 
terconnected in a cascade configuration with one 
master and one slave. This configuration can handle 
up to 15 separate priority levels. 


The master controls the slaves through a three line 
internal cascade bus. When the master drives 010b 
on the cascade bus, this bus acts like a chip select 
to the slave controller. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the interrupt vector 
address during the second INTA# cycle of the inter- 
rupt acknowledge sequence. 


Each Interrupt Controller in the cascaded system 
must follow a separate initialization sequence and 
can be programmed to work in a different mode. An 
EOI command must be issued twice: once for the 
master and once for the slave. 


9.7.7 EDGE AND LEVEL TRIGGERED MODES 


There are two ELCR registers, one for each 82C59 
bank. They are located at |/O ports 04D0h (for the 
Master Bank, IRQ[0:1,3:7]) and O4D1h (for the 
Slave Bank, IRQ([8#:15]). They allow the edge and 
level sense selection to be made on an interrupt by 
interrupt basis instead of on a complete bank. Only 
the interrupts that connect to the EISA bus may be 
programmed for level sensitivity. That is IRQ 
(0,1,2,8#,13) must be programmed for edge sensi- 
tive operation. The LTIM bit is disabled in the ESC. 
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The default programming is equivalent to program- 
ming the LTIM bit (ICW1 bit 3) to a 0. 


lf an ELCR bit is equal to “O’’, an interrupt request 
will be recognized by a low to high transition on the 
corresponding IRQ input. The IRQ input can remain 
high without generating another interrupt. 


lf an ELCR bit is equal to ‘1’, an interrupt request 
will be recognized by a “low” level on the corre- 
sponding IRQ input, and there is no need for an 
edge detection. For level triggered interrupt mode, 
the interrupt request signal must be removed before 
the EOI command is issued or the CPU interrupt 
must be disabled. This is necessary to prevent a 
second interrupt from occurring. 


In both the edge and level triggered modes the IRQ 
inputs must remain active until after the falling edge 
of the first INTA#. If the IRQ input goes inactive 
before this time a DEFAULT IRQ7 will occur when 
the CPU acknowledges the interrupt. This can be a 
useful safeguard for detecting interrupts caused by 
spurious noise glitches on the IRQ inputs. To imple- 
ment this feature the IRQ7 routine is used for “clean 
up” simply executing a return instruction, thus ignor- 
ing the interrupt. If IRQ7 is needed for other purpos- 
es a default IRQ7 can still be detected by reading 
the ISR. A normal IRQ7 interrupt will set the corre- 
sponding ISR bit, a default IRQ7 won't. If a default 
IRQ7 routine occurs during anormal IRQ7 routine, 
however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IRQ7 
routine was previously entered. If another IRQ7 oc- 
curs it is a default. 


IRQ13 still appears externally to be an edge sensi- 
tive interrupt even though it is shared internally with 
the Chaining interrupt. The Chaining interrupt is 
ORed after the edge sense logic. 
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9.8 Register Functionality 


For a detailed description of the Interrupt Controller 
register set, please see Section 3.4, Interrupt Unit 
Register description. 


9.8.1 INITIALIZATION COMMAND WORDS 


Four initialization command words (ICWs) are used 
to initialize each interrupt controller. Each controller 
is initialized separately. Following this initialization 
sequence, the interrupt controller is ready to accept 
interrupts. 


9.8.2 OPERATION CONTROL WORDS (OCWS) 


After the Initialization Command Words (ICWs) are 
programmed into the Interrupt Controller, the chip is 
ready to accept interrupt requests at its input lines. 
However, Interrupt Controller operation can be dy- 
namically modified to fit specific software/hardware 
expectations. Different modes of operation are dy- 
namically selected following initialization through the 
use of Operation Command Words (OCWs). 


9.9 Interrupt Masks 


9.9.1 MASKING ON AN INDIVIDUAL 
INTERRUPT REQUEST BASIS 


Each Interrupt Request input can be masked individ- 
ually by the Interrupt Mask register (IMR). This regis- 
ter is programmed through OCW1. Each bit in the 
IMR masks one interrupt channel if it is set to a “1”. 
Bit 0 masks IRQO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel does not affect the other 
channel’s operation, with one notable exception. 
Masking IRQ([2] on CNTRL-1 will mask off all re- 
quests for service from CNTRL-2. The CNTRL-2 INT 
output is physically connected to the CNTRL-1 
IRQ(2] input. 


9.9.2 SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. | 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the Interrupt Controller would have inhibited 
all lower priority requests with no easy way for the 
routine to enable them. 
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The Special Mask Mode enables all interrupts not 
masked by a bit set in the Mask Register. Interrupt 
service routines that require dynamic alteration of 
interrupt priorities can take advantage of the Special 
Mask Mode. For example, a service routine can in- 
hibit lower priority requests during a part of the inter- 
rupt service, then enable some of them during an- 
other part. 


In the Special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the Mask register with the appropriate pat- 
tern. 


Without Special Mask Mode, if an interrupt service 
routine acknowledges an interrupt without issuing an 
EOI to clear the IS bit, the interrupt controller inhibits 
all lower priority requests. The Special Mask Mode 
provides an easy way for the interrupt service rou- 
tine to selectively enable only the interrupts needed 
by loading the Mask register. 


The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = 0. 


9.10 Reading the Interrupt Controller 
Status 


The input status of several internal registers can be 
read to update the user information on the system. 
The Interrupt Request Register (IRR) and In-Service 
Register (ISR) can be read via OCW3, as discussed 
in Section 3.7. The Interrupt Mask Register (IMR) is 
read via a read of OCW1, as discussed in Section 
3.7. Here are brief descriptions of the ISR, the IRR, 
and the IMR. 


Interrupt Request Register (IRR): 8-bit register which 
contains the status of each interrupt request line. 
Bits that are clear indicate interrupts that have not 
requested service. The Interrupt Controller clears 
the IRR’s highest priority bit during an interrupt ac- 
knowledge cycle. (Not affected by IMR). 


In-Service Register (ISR): 8-bit register indicating the 
priority levels currently receiving service. Bits that 
are set indicate interrupts that have been acknowl- 
edged and their interrupt service routine started. Bits 
that are cleared indicate interrupt requests that have 
not been acknowledged, or interrupt request lines 
that have not been asserted. Only the highest priori- 
ty interrupt service routine executes at any time. The 
lower priority interrupt services are suspended while 
higher priority interrupts are serviced. The ISR is up- 
dated when an End of Interrupt Command is issued. 
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Interrupt Mask Register (IMR): 8-bit register indicat- 
ing which interrupt request lines are masked. 


The IRR can be read when, prior to the |/O read 
cycle, a Read Register Command is issued with 
OCW3 (RR = 1, RIS = 0). 


The ISR can be read when, prior to the I/O read 
cycle, a Read Register Command is issued with 
OCW3 (RR = 1, RIS = 1). 


The interrupt controller retains the ISR/IRR status 
read selection following each write to OCW3. There- 
fore, there is no need to write an OCW3 before ev- 
ery status read operation, as long as the current 
status read corresponds to the previously selected 
register. For example, if the ISR is selected for 
status read by an OCW3 write, the ISR can be read 
over and over again without writing to OCW3 again. 
However, to read the IRR, OCW3 will have to be 
reprogrammed for this status read prior to the 
OCWS3 read to check the IRR. This is not true when 
poll mode is used. Polling Mode overrides status 
read when P = 1, RR = 1 in OCWS. 


After initialization, the Interrupt Controller is set to 
read the IRR. 


As stated, OCW1 is used for reading the IMR. The 
output data bus will contain the IMR status whenev- 
er |/O read is active. The address is 021h or 06th 
(OCW1). 


9.11 Non-Maskable Interrupt (NMI) 


An NMI is an interrupt requiring immediate attention 
and has priority over the normal interrupt lines 
(IRQx). The ESC indicates error conditions by gener- 
ating a non-maskable interrupt. 


The ESC generates NMI interrupts based on the fol- 
lowing Hardware and Software events. 


Hardware Events: 


1. Motherboard Parity Errors. 


Memory parity errors for the motherboard memo- 
ry. These errors are reported to the ESC through 
the PERR# signal line. 


2. System Errors. 


System error on the motherboard. The system 
board uses the SERR# signal to indicate system 
errors to the ESC. 
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3. Add-In Board Parity Errors. 


Parity errors on the add-in memory boards on the 
EISA expansion bus. |OCHK # signal on the EISA 
bus is driven low by the add-in board logic when 
this error occurs. 


4. Fail-Safe Timer Timeout. 


Fail-Safe Timer (Timer 2, Counter 0) count ex- 
pires. If this counter has been set and enabled, 
and the count expires before a software routine 
can reset the counter. 
5. Bus Timeout. 

An EISA bus Master or Slave exceeds the allo- 
cated time on the bus. A bus timeout occurs if an 
EISA Master does not relinquish the bus 
(MREQ# negated) within 64 BCLKS after it has 
been preempted (MACK # negated). A bus time- 
out also occurs if a memory slave extends the 
cycle (CHRDY negated) long enough to keep 
CMD# asserted for more than 256 BCLKS. The 
DMA controller does not cause a bus timeout. 
The ESC asserts RESDRV when a bus timeout 
occurs. 


Software Events: 


1. Software Generated NMI. 
If an I/O Write access to Port 0462h occurs. The 
data value for this write is a don’t care. 


The NMI logic incorporates four different 8-bit regis- 
ters. These registers are used by the CPU to deter- 
mine the source of the interrupt and to enable or 
disable/clear the interrupts. Please see Section 3.4, 
Interrupt Unit Register description, for the register 
details. 


Table 9-5. NMI Register |/O Address Map 


[ooeih | NMIStaus Restor 


Table 9-6. NMI Source Enable/Disable 
and Status Port Bits 


Write to 
Port 0462h 


The individual enable/disable bits clear the NMI de- 
tect flip-flops when disabled. 


All NMI sources can be enabled or disabled by set- 
ting Port 070h bit [7]. This disable function does not 
clear the NMI detect Flip-Flops. This means, if NMI 
is disabled then enabled via Port 070h, then an NMI 
will occur when Port 070h is re-enabled if one of the 
NMI detect Flip-Flops had been previously set. 


To ensure that all NMI requests are serviced, the 
NMI service routine software needs to incorporate a 
few very specific requirements. These requirements 
are due to the edge detect circuitry of the host mi- 
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croprocessor, 80386 or 80486. The software flow 
would need to be the following: . 


1. NMI is detected by the processor on the rising 
edge of the NMI input. 


2. The processor will read the status stored in port 
O61h and 0461h to determine what sources 
caused the NMI. The processor may then reset 
the register bits controlling the sources that it has 
determined to be active. Between the time the 
processor reads the NMI sources and resets 
them, an NMI may have been generated by an- 
other source. The level of NMI will then remain 
active. This new NMI source will not be recog- 
nized by the processor because there was no 
edge on NMI. 


3. The processor must then disable all NMI’s by 
writing bit [7] of port O70H high and then enable 
all NMI’s by writing bit [7] of port O70H low. This 
will cause the NMI output to transition low then 
high if there are any pending NMI sources. The 
CPU’s NMI input logic will then register a new 
NMI. 


10.0 PCEB/ESC INTERFACE 


The PCEB/ESC interface (Figure 10-1) provides the 
inter-chip communications between the PCEB and 
ESC. The interface provides control information be- 
tween the two components for PC!/EISA arbitration, 
data size translations (controlling the PCEB’s EISA 
data swap buffer), and interrupt acknowledge cy- 
cles. 


EISAHOLD 
EISAHOLDA 
NMFLUSH# 
PEREQ#/INTA# 


SDCPYEN[13,03:01]# 
SDCPYUP 
SDOE[2:0]# 
SDLE[3:0]}# 


290476-86 


Figure 10-1. PCEB/ESC Interface Signals 
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10.1. Arbitration Control Signals 


The PCEB contains the arbitration circuitry for the 
PCI Local Bus and the ESC contains the arbitration 
Circuitry for the EISA Bus. The PCEB/ESC Interface 
contains a set of arbitration control signals (EISA- 
HOLD, EISAHOLDA, NMFLUSH#, and PEREQ#/ 
INTA#) that synchronize bus arbitration and owner- 
ship changes between the two bus environments. 
The signals also force PC! device data buffer flush- 
ing, if needed, to maintain data coherency during 
EISA Bus ownership changes. 


The PCEB is the default owner of the EISA Bus. If 
another EISA/ISA master or DMA wants to use the 
bus, the ESC asserts EISAHOLD to instruct the 
PCEB to relinquish EISA Bus ownership. The PCEB 
completes any current EISA Bus transaction, tri- 
states its EISA Bus signals, and asserts EISAHOLDA 
to inform the ESC that the PCEB is off the bus. 


For ownership changes, other than for a refresh cy- 
cle, the ESC asserts the NMFLUSH# signal to the 
PCEB (for one PCICLK) to instruct the PCEB to flush 
its Line Buffers pointing to the PCI Local Bus. The 
assertion of NUFLUSH # also instructs the PCEB to 
initiate flushing and to temporarily disable system 
buffers on the PC] Local Bus (via MEMREQ#, ME- 
MACK, and FLSHREQ#). The buffer flushing main- 
tains data coherency, in the event that the new EISA 
Bus master wants to access the PCI Local Bus. 


PCICLK he. as ies ke am a 2 


| 
ESC l 
Negates | 


NMFLUSH# 


| 
| 
| 
| 
| 


PCEB 
Samples 


ESC 
Asserts 


Asserted Asserted 


and 
Asserts 
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Buffer flushing also prevents dead-lock conditions 
between the PCI Local Bus and EISA Bus. Since the 
ESC/PCEB does not know ahead of time, whether 
the new master is going to access the PC! Local Bus 
or a device on the EISA Bus, buffers pointing to the 
PCI Local Bus are always flushed when there is a 
change of EISA Bus ownership, except for refresh 
cycles. For refresh cycles, the ESC controls the cy- 
cle and, thus, knows that the cycle is not an access 
to the PCl Local Bus and does not initiate a flush 
request to the PCEB. After a refresh cycle, the ESC 
always surrenders control of the EISA Bus back to 
the PCEB. 


NMFLUSH # is a bi-directional signal that is negated 
by the ESC when buffer flushing is not being 
requested. The ESC asserts NMFLUSH# to 
request buffer flushing. When the PCEB samples 
NMFLUSH#¥ asserted, it starts driving the signal in 
the asserted state and begins the buffer flushing 
process. (The ESC tri-states NMFLUSH# after as- 
serting it for the initial 1 PCICLK period.) The PCEB 
keeps NMFLUSH# asserted until all buffers are 
flushed and then it negates the signal for 1 PCICLK. 
When the ESC samples NMFLUSH# negated, it 
starts driving the signal in the negated state, com- 
pleting the handshake. When the ESC samples 
NMFLUSH# negated, it grants ownership to the 
winner of the EISA Bus arbitration (at the time 
NMFLUSH# was negated). Note that for a refresh 
cycle, NUFLUSH # is not asserted by the ESC. 


er Sane ce aN 
| 

| ESC 

| 


| 
| 
| 
| Negates 
| 
| 


PCEB ESC 
Negates Samples 
Negated 

and 
Negates 


PCEB 
Keeps 


Driven By ESC Driven By PCEB Driven By ESC 
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Figure 10-2. NMFLUSH # Protocol 
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When the EISA master completes its transfer and 
gets off the bus (i.e., removes its request to the 
ESC), the ESC negates EISAHOLD and the PCEB, 
in turn, negates EISAHOLDA. At this point, the 


PCEB resumes its default ownership of the EISA 
Bus. 


If a PCl master requests access to the EISA Bus 
while the bus is owned by a master other than the 
PCEB, the PCEB retries the PCI cycle and requests 
ownership of the EISA Bus by asserting PEREQ#/ 
INTA# to the ESC. PEREQ#/INTA# is a dual func- 
tion signal that is a PCEB request for the EISA Bus 
(PEREQ# function) when EISAHOLDA is asserted. 
In response to the PCEB request for EISA Bus own- 
ership, the ESC removes the grant to the EISA mas- 
ter. When the EISA master completes its current 
transactions and relinquishes the bus (removes its 
bus request), the ESC negates EISAHOLD and the 
PCEB, in turn, negates EISAHOLDA. At this point, a 
grant can be given to the PCI device for a transfer to 
the EISA Bus. Note that the INTA# function of the 
PEREQ#/INTA# signal is described in Section 
10.3, Interrupt Acknowledge Control. 


10.2 EISA Data Swap Buffer Control 
Signals 


The cycles in the EISA environment may require 
data size translations before the data can be trans- 
ferred to its intermediate or final destination. As an 
example, a 32-bit EISA master write cycle to a 16-bit 
EISA slave requires a disassembly of a 32-bit Dword 
into 16-bit Words. Similarly, a 32-bit EISA master 
read cycle to a 16-bit slave requires an assembly of 
two 16-bit Words into a 32-bit Dword. The PCEB 
contains EISA data swap buffers to support data 
size translations on the EISA Bus. The operation of 
the data swap buffers is described in the PCEB data 
sheet. The ESC controls the operation of the 
PCEB’s data swap buffers with the following PCEB/ 
ESC interface signals. These signals are outputs 
from the ESC and are inputs to the PCEB. 


e SDCPYEN[13,3:1] # 
e SDCPYUP 

e SDOE[2:0] # 

e SDLE[3:0] # 


Copy Enable Outputs (SDCPYEN([13,3:1] #) 


These signals enable the byte copy operations 
between data byte lanes 0, 1, 2 and 3 as shown in 
the Table 10-1. ISA master cycles do not perform 
assembly/disassembly operations. Thus, these cy- 
cles use SDCPYEN[13,3:1] # to perform the byte 
routing and byte copying between lanes. EISA mas- 
ter cycles however, can have _ assembly/ 
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disassembly operations. These cycles’ use 
SDCPYEN[13,3:1] # in conjunction with SDCPYUP 
and SDLE[3:0] #. 


Table 10-1. Byte Copy Operations 


| Signal Copy between Byte Lanes 

SDCPYENO1 # Byte 0 (bits [7:0]) 

and Byte 1 (bits [15:8]) 
SDCPYENO2 # Byte 0 (bits [7:0]) 

and Byte 2 (bits [23:16]) 
SDCPYENO3 # Byte 0 (bits [7:0]) 

and Byte 3 (bits [31:24]) 
SDCPYEN13# Byte 1 (bits [15:8]) 

and Byte 3 (bits [31:24]) 


System Data Copy Up (SDCPYUP) 


SDCPYUP controls the direction of the byte copy 
operations. When SDCPYUP is asserted (high), ac- 
tive lower bytes are copied onto the higher bytes. 
The direction is reversed when SDCPYUP is negat- 
ed (low). 


System Data Output Enable (SDOE[2:0] #) 


These signals enable the output of the data swap 
buffers onto the EISA Bus (Table 10-2). SDOE[2:0] 
are re-drive signals in case of mis-matched cycles 
between EISA to EISA, EISA to ISA, ISA to ISA and 
the DMA cycles between the devices on EISA. 


Table 10-2. Output Enable Operations 


SDOEO0 #*| Applies to Byte 0 (bits [7:0]) 


SDOE1 # | Applies to Byte 1 (bits [15:8]) 
SDOE2# | Applies to Byte 2 and Byte 3 (bits [31:16]) 


System Data to Internal (PCEB) Data Latch 
Enables (SDLE([3:0] #) 


These signals latch the data from the EISA Bus into 
the data swap latches. The data is then either sent 
to the PCI Local Bus via the PCEB or re-driven onto 
the EISA Bus. SDLE[3:0] # latch the data from the 
corresponding EISA Bus byte lanes during PCI reads 
from EISA, EISA writes to PCI, DMA cycles between 
an EISA device and the PCEB. These signals also 
latch data during mismatched cycles between EISA 
to EISA, EISA to ISA, ISA to ISA, the DMA cycles 
between the devices on EISA, and any cycles that 
require copying of bytes, as opposed to copying and 
assembly/disassembly. 
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10.3. Interrupt Acknowledge Control 


PEREQ#/INTA# (PCI to EISA Request or Interrupt 
Acknowledge) is a dual function signal and the se- 
lected function depends on the status of EISAHLDA. 
When EISAHLDA is negated, this signal is an inter- 
rupt acknowledge (INTA#) and supports interrupt 
processing. If interrupt acknowledge is enabled via 
the PCEB’s PCICON Register and EISAHOLDA is 
negated, the PCEB asserts PEREQ#/INTA# when 
a PCI interrupt acknowledge cycle is being serviced. 
This informs the ESC that the forwarded EISA |/O 
read from location 04h is an interrupt acknowledge 
cycle. Thus, the ESC uses this signal to distinguish 
between a request for the interrupt vector and a 
read of the ESC’s DMA register located at 04h. The 
ESC responds to the read request by placing the 
interrupt vector on SD[7:0]. 


11.0 INTEGRATED SUPPORT LOGIC 


The ESC integrates support logic for assorted func- 
tions for a typical EISA system board. The following 
functions are directly supported by the ESC. 


— EISA Address Buffer Control 
— Coprocessor Interface 
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— BIOS Interface 

— Keyboard Controller Interface 
— Real Time Clock Interface 

— Floppy Disk Controller Interface 
— Configuration RAM Interface 
— X-Bus and IDE Decode 


11.1 EISA Address Buffer Control 


The EISA Bus consists of unlatched addresses 
(LA[31:2]) and latched addresses (SA[19:2]). EISA 
devices generate or monitor LA addresses, and ISA 
devices generate or monitor SA addresses. Three 
Discrete F543s are used to generate the SA address 
from LA and LA addresses from SA addresses (see 
Figure 11-1). The ESC generates the control signals 
SALE #, LASAOE#, and SALAOE # for the F543s. 
These signals control the direction of the address 
flow. For EISA master, DMA, and Refresh cycles, 
the LA addresses are generated by the master de- 
vice, and the SA addresses are driven by the F543s. 
For ISA master devices, the SA addresses are gen- 
erated by the master device, and the LA addresses 
are driven by the F543s. 


p| SAI16:2] 


1 F543s 
LA[19:17]}) a 


p/SA[19:17] 


LASAOE# OEAB# 


290476-88 


Figure 11-1. EISA Address Buffers 
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Table 11-1. EISA Address 
Buffer Control Function 


om | 


EISA ISA 


[Pulses | Low | Puces | Pubes 


11.2 Coprocessor Interface 


The numeric coprocessor interface is designed to 
support PC/AT compatible numeric coprocessor ex- 
ception handling. The EISA Clock Divisor configura- 
tion register bit 5 needs to be set to a 1 in order to 
enable the coprocessor error support in the ESC. 
The coprocessor interface consists of FERR# sig- 
nal and IGNNE# signal. The FERR# signal and 
IGNNE# signals are connected directly to the Float- 
ing Point Error pin and Ignore Floating Point Error 
pin of the CPU respectively. 


Whenever an error during computation is detected, 
the CPU asserts the FERR# signal to the ESC. The 
ESC internally generates an interrupt on the IRQ13 
line of the integrated Interrupt Controller. The result 
is a asserted INT signal to the CPU. 


When the ESC detects an I/O write to the internal 
port OOFOh, the ESC deasserts the internal IRQ13 
line to the integrated Interrupt Controller. At the 
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same time the ESC asserts the IGNNE# signal. The 
ESC keeps the IGNNE# signal asserted until the 
FERR# signal is negated by the CPU. 


If the coprocessor error support is enabled in the 
EISA Clock Divisor configuration register then the 
ESC IRQ13 pins cannot be used, and this pin should 
be tied to ground. 


11.3 BIOS Interface 


The ESC supports a total of 512 Kbytes of BIOS 
memory. The ESC asserts the LBIOSCS # signal for 
EISA or ISA memory cycles decoded to be in the 
BIOS space. The 512 Kbytes of BIOS includes the 
conventional 128 Kbytes of BIOS and 384 Kbytes of 
enlarged BIOS. The 128 Kbytes of conventional 
BIOS is divided into multiple regions. Each region 
can be independently enabled or disabled by setting 
the appropriate bits in the BIOS Chip Select A regis- 
ter and BIOS Chip Select B register. The 128 Kbytes 
of conventional BIOS is also aliased at different lo- 
cations within the memory space. Refer to Section 
4.1, BIOS Memory Space, for details. 


The ESC generates the LBIOSCS# signal by inter- 
nally latching the output of the BIOS address de- 
code with BALE signal. The ESC asserts the 
LBIOSCS # for all read cycles in the enabled BIOS 
memory space. The ESC will assert LBIOSCS# sig- 
nal for write cycles in the enabled BIOS memory 
space only if the BIOS Chip Select B register bit 3 is 
set to 1 (BIOS write enable). 


FERR# \ . / 


internal IRQ13# 


INT 


IGNNE# 


lIOWC# | \ / 
(write to FOh) 
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Figure 11-2. Coprocessor Interface Waveform 
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11.4 Keyboard Controller Interface 


The ESC provides a complete inferface to a glueless 
interface to a 8x42 Keyboard Controller. The ESC 
Keyboard Controller interface consists of Keyboard 
Controller Chip Select (KYBDCS #) signal, Mouse in- 
terrupt (ABFULL) signal. The ESC also supports the 
fast Keyboard commands for CPU reset (ALTRST #) 
and address A20 enable (ALTA20) by integrating 
Port 92h. 


The ESC asserts the KYBDCS# signal for |/O cy- 
cles to addresses 60h and 64h if the Peripheral Chip 
Select A register bit 1 is set to 1. The ESC uses the 
ABFULL signal to internally generate an interrupt re- 
quest to the integrated Interrupt Controller on the 
IRQ12 line if EISA Clock Divisor register bit 4 is set 
to 1 (Mouse Interrupt Enable). A low to high tran- 
sition on the ABFULL signal is internally latched by 
the ESC. The high level on this latch remains until a 
write to |/O port 60h is detected or the ESC is reset. 


The ALTRST # is used to reset the CPU under soft- 
ware control. The ESC ALTRST # signal needs to be 
AND’ed externally with the reset signal from the key- 
board controller. A write to the System Control regis- 
ter (092h) bit 0 to set the bit to a 1 from a 0 causes 
the ESC to pulse the ALTRST# signal. The 
ALTRST# signal is asserted for approximately 4 
BCLKs. The ESC will not pulse the ALTRST # signal 
if bit O has previously been set to a 1. 


11.5 Real Time Clock 


The ESC provides a glueless interface for the Real 
Time Clock in the system. The ESC provides a Real 
Time Clock Address Latch Enable signal (RTCALE), 
a Real Time Clock read Strobe (RTCRD#), and a 
Real Time Clock Write strobe (RTCWR#). The ESC 
pulses the RTCALE signal asserted for one and a 
half BCLKs when an I/O write to address 70h is de- 
tected. The ESC asserts RTCRD# signal and 
RTCWR # signal for |/O read and write accesses to 
address 71h respectively. 


The ESC also supports the power-on password pro- 
tection through the Real Time Clock. The power-on 
password protection is enabled by setting the Sys- 
tem Control register 092h bit 3 to a 1. The ESC does 
not assert RTCRD# signal or RTCWR# signal for 
I/O cycles to 71h if the accesses are addressed to 
Real Time Clock addresses (write to 70h) 36h to 3Fh 
if the power-on password protection is enabled. 
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11.6 Floppy Disk Control Interface 


The ESC supports interface to the 82077(SL) Floppy 
Disk Controller chip. The ESC provides a Floppy 
Disk Controller Chip Select signal (FDCCS#). The 
ESC also provides a buffered Drive Interface 
(DSKCHG #) signal. In addition, the ESC generates 
the control for the disk light. 


The ESC supports both the primary address range 
(O3FOh-O3F7h) and secondary address range 
(0370h-0377h) of the Floppy Disk Controller. The 
state of Peripheral Chip Select A register bit 5 deter- 
mines which address range is decoded by the ESC 
as access to Floppy Disk Controller. If bit 5 is set to 
0, the ESC will decode the primary Floppy Disk Con- 
troller address range. If bit 5 is set to 1, the ESC will 
decode the secondary Floppy Disk Controller ad- 
dress range. 


The ESC supports the Drive Interface signal. During 
1/O accesses to address 03F7h (primary) or 0377h 
(secondary), the ESC drives the inverted state of the 
DSKCHG # signal on to the SD7 data line. The ESC 
uses the DSKCHG # signal to determine if the Flop- 
py Disk Controller is present on the X-Bus. If the 
DSKCHG# signal is sampled low during reset, the 
ESC will disable Floppy Disk Controller support. 


The ESC also supports the Disk Light function by 
generating the DLIGHT# signal. If System Control 
092h register bit 6 or bit 7 is set to a 1, the ESC will 
assert the DLIGHT # signal. 


11.7 Configuration RAM Interface 


The ESC provides the control signals for 8 Kbytes of 
external configuration RAM. The configuration RAM 
is used for storing EISA configuration system param- 
eters. The configuration RAM is |/O mapped be- 
tween location 0800h-O8FFh. Due to the I/O ad- 
dress constraint (256 byte addresses for 8 Kbytes of 
RAM), the configuration RAM is organized in 32 
pages of 256 bytes each. The I/O port 0COOh is 
used to store the configuration RAM page address. 
The ESC integrates this port as Configuration RAM 
Page register. During a read or a write to the config- 
uration RAM address space 0800h-08FFh, the ESC 
drives the configuration RAM page address by plac- 
ing the content of the Configuration RAM Page Ad- 
dress register bits[4:0] on the EISA Address line 
LA[31:27]#. The ESC will also assert the 
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CRAMRD# signal or the CRAMWR # signal for I/O 
read and write accesses to I/O address 0800h- 
O8FFh. The ESC will only generate the configuration 
RAM page address and assert the CRAMRD# sig- 


nal and CRAMWR #¥ signal if the Peripheral Chip Se- 
lect B register bit 7 is set to 1. 


11.8 General Purpose Peripherals, 
IDE, Parallel Port, and Serial Port 
interface 


The ESC provides three dual function pins 
(GPCS[2:0] #, ECS[2:0]). The functionality of these 
pins is selected through the configuration Mode Se- 
lect register bit 4. If Mode Select register bit 4 is set 
to 0 the general purpose chip select functionality is 
selected. If Mode Select register bit 4 is set to 1, the 
encoded chip select functionality is selected. 


In general purpose chip select mode, the ESC gen- 
erates three general purpose chip selects 
(GPCS[2:0] #). The decode for each general pur- 
pose chip selects is programmed through a set of 
three configuration registers; General Purpose Chip 
Select x Base Low Address register, General Pur- 
pose Chip Select x Base High Address register, and 
General Purpose Chip Select x Mask register. Each 
General Purpose Peripheral can be mapped any- 
where in the 64 Kbytes of I/O address. The general 
purpose peripheral address range is programmable 
from 1 byte to 256 bytes with 2" granuality. 


82374EB 


In encoded chip select mode (ESC[2:0]), in addition 
to decoding the general purpose chip select 0 ad- 
dress and general purpose chip select 1 address, 
the ESC also decodes IDE, Parallel Ports, and Serial 
Ports addresses. The encoded chip select mode re- 
quires an external decoder like a F138 to generate 
the device chip selects from the ESC[2:0] signals. 


The ESC generates encoded chip selects for two 
Serial Ports, COMACS# (ECS[2:0]=000) and 
COMBCS# (ESC[2:0]=001). The. ESC supports 
Serial Port COM1 and Serial Port COM2. Accesses 
to Serial Port COM1 or Serial Port COM2 are individ- 
ually programmed through Peripheral Chip Select B 
register bits [0:3] to generate an encoded chip se- 
lect for COMACS # or COMBCS #. 


Table 11-2. Encoded Chip Select Decode 


Refer to Section 4.5 for the address decode of the 
peripheral chip selects. 


COMACS# 


IDECS1# 
GPCS1# 
GPCS1# 
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Figure 11-3. Encoded Chip Select Decoder Logic 
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11.9 X-Bus Control and General 
Purpose Decode | 


The X-Bus is a secondary data bus buffered from 
the EISA Bus. The X-Bus is used to interface with 
peripheral devices that do not require a high speed 
interface. Typically a discrete buffer device like a 
F245 is used to buffer the EISA Bus from the X-Bus. 
The ESC provides two control signals, XBUSTR # 
and XBUSOE #, for the discrete F245 buffer. 


The XBUSTR# signal controls the direction of the 
data flow of the F245. When the XBUSTR # signal is 
high, the data direction of the F245 buffer is from the 
XD[7:0] bus to the SD[7:0] bus. The ESC drives the 
XBUSTR#¥ signal high during EISA master |/O read 
cycles, ISA master I/O read cycles, DMA write cy- 
cles (write to memory), and memory read cycles de- 
coded to be in the X-Bus BIOS address space. The 


SD[7:0] 
EISA BUS 


XBUSTR# 


¥ 
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ESC also drives the XBUSTR# signal high for DMA 
reads (reads from memory/writes to I/O) from the 
X-Bus BIOS address space. The X-Bus BIOS ad- 
dress space is defined as the enabled regions and 
enabled aliases of the BIOS memory space. See 
Section 4.1, BIOS Memory Space, for detailed de- 
scription of the BIOS memory map and the configu- 
ration bits. | 


The XBUSOE # signal controls outputs of the F245. 
When the XBUSOE# signal is asserted, the F245 
drives its A buffers or B buffers depending on the 
state of the XBUSTR# signal. The ESC asserts the 
XBUSOE# signal for |/O cycles decoded to be in 
the address range of the peripherals supported by 
the ESC if these peripherals are enabled in the Pe- 
ripheral Chip Select A register and Peripheral Chip 
Select B register. 


XD[7:0] 


XBUSOE# 


Figure 11-4. X-Bus Data Buffer 
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12.0 ELECTRICAL 


CHARACTERISTICS 
7 *WARNING: Stressing the device beyond the “Absolute 
, ‘ Maximum Ratings” may cause permanent damage. 
12.1 Maximum Ratings These are stress ratings only. Operation beyond the 
. 5 " “Operating Conditions” is not recommended and ex- 
Case Temperature Under Bias...—65°C to +110°C tended exposure beyond the “Operating Conditions” 
Storage Temperature .......... —65°C to + 150°C may affect device reliability. 
Supply Voltages 
with Respect to Ground ...—0.5V to Voc + 0.5V 
Voltage On Any Pin ......... —0.5V to Vcc + 0.5V 
Power Dissipation ............ 0.70W Fully Loaded : 1 
fi’ ewhes C44 needa eee 0.55W with Four Slots 
12.2 D.C. Characteristics Table 12-1. ESC Maximum Allowable Ambient 


Temperature/Air Flow Rates 


68ne 
Loading — 
tet ectetae) 


12.2.1 JUNCTION TEMPERATURE 
SPECIFICATIONS 


The junction temperature for the ESC is + 93°C with 
a case temperature of 85°C. To guarantee device 
operation at +85°C case temperature the ambient 
temperature allowable is shown in Table 12-1. 


12.2.2 EISA BUS D.C. SPECIFICATIONS 


EISA Signals 


BCLKOUT(out), BCLK(in), LA[31:27] #/CPG[4:0](t/s), LA[26:2](t/s), BE[3:0] #(t/s), M/IO#(t/s), W/R#(t/s), 
EX32#(0/d), EX16#(0/d), START #(t/s), CMD#(out), EXRDY(o/d), SLBURST#(in), MSBURST #(t/s), 
MASTER16 #(in), SD[7:0] (t/s) 


ISA Signals 


| BALE(out), SA[1:0](t/s), SBHE #(t/s), M16#(0/d), |016#(0/d), MRDC#(t/s), MWTC#(t/s), SMRDC # (out), 
SMWTC # (out), IORC #(t/s), IOWC #(t/s), CHRDY(0/d), IOCHK #(in), NOWS #(o/d), OSC(in), RSTDRV(out), 
REFRESH #(t/s), AEN # (out), AEN[4:1]/EAEN[4:1] (out) 


DMA and Arbitration Signals 


DREQI[3:0,7:5](in),  DACK[3:0,7:5] #(out), EOP(t/s), MREQ[3:0] #(in), MREQ[7:4] #/PIRQ(0:3] # (in), 
MACK[3:0] # /EMACK[3:0] (out) 


X-Bus and Integrated Logic Signals 


SPKR(out), SLOWH # (out), |RQ(15:1](in), INT(out), NMI(out), SALE #(out), LASAOE # (out), SALAOE # (out), 
FERR#(in), IGNNE#(out), LBIOSCS#(out), KYBDCS#(out), ALTRST #(out), ALTA2O(out), ABFULL(in), 
RTCALE(out), RTCRD# (out), RTCWR # (out), FDCCS# (out), DSKCHG(in), DLIGHT # (out), CRAMRD # (out), 
CRAMWR # (out), XBUSTR # (out), XBUSOE # (out), GPCS[2:0] # /ECS[2:0] (out) 


interchip Signals 


EISAHOLD(out), EISAHLDAC(in), PEREQ#/INTAA (in), NMFLUSHA€(t/s), SDCPYEN[13:01] # (out), 
SDCPYUP(out), SDOE[2:0] # (out), SDLE[3:0] # (out) 
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Table 12-2. EISA Bus D.C. Specifications (Vpp = 5V +5%, Tcase = 0°C to + 85°C) 


_ Symbol | __ Parameter |_—Min__—| Max | TestConditions | Notes _ 
ea a ee Me OY eS 7 
| Vin | InputHigh Voltage | ov || 
eee: | 
ke ae 


eee 

otal 

Ce ee 

Bees) 1 se 

| Nox = 26mm) Seed 2. | 

, nee 
| 0.45y | pea | 

Voo-o4ev. | |ton= ima” P| | 
| 0.45y 

i 
aed 

eth 

feel 

tes 

Dire. 


| 08v 
ae 
, ae 


Miu | input eakage Curent 
Tuo | Output Leakage Curent _ 


NOTES: 


1. All EISA Bus signals use Vj. 4, Viy4 for input levels except for the Interchip signals: SDOCPYEN#, SDCPYUP, SDOE#, 
SDLE#, EISAHOLD, EISAHLDA, PEREQ#/INTA#, INTCHIPO, NMFLUSH #. 

2. BALE, BCLKOUT, BE[3:0] #, CHRDY, CMD#, EOP, EX16#, EX32#, EXRDY, l|016#, IORC#, IOWC#, LA[31:2], M16#, 
M/lIO#, MRDC#, MSBURST#, MWTC#, REFRESH#, RSTDRV, SA[1:0], SBHE#, SD[7:0], SMRDC#, SMWTC#, 
START #, W/R#, SPKR#. 

3. ALTA20, AEN[4:1], ALTRST#, CRAMRD#, CRAMWT#, INT, DLIGHT, EISAHOLD, FDCCS#, IDECS#, IGNNE#, 
KEYBDCS#, LASAOE#, LBIOSCS#, NMFLUSH#, RTCALE, RTCRD#, RTCWR#, SALAOE#, SALE#, 
SDCPYEN[13:01] #, SDCPYUP, SDLE[3:0] #, SDOE[2:0] #, SLOWH#, XBUSOE#, XBUSTR#. 

4. DACK[7:5,3:0], MACK[7:0] #. 


0 
0 
+15 pA OV < Vin < Voc 
+15 pA 0.45V < Vin < Voc 
Payee eee: 


2.0V 
E>. ae 0 
2.4V 
Output Low Voltage Se 0.45V lo. = 8.0mA 


BV 
BV 
TBD 
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12.2.3 PCl LOCAL BUS D.C. SPECIFICATIONS 


PCI System Signals 
PCICLK(in), RESET(in) 


PCI Shared Signals 
PERR #(in), SERR # (in) 


Table 12-3. PCI Local Bus D.C. Specifications (Vpp = 5V +5%, Toase = 0°C to + 85°C) 


12.3 A.C. Characteristics 


In Tables 12-5 through 12-10, the Symbol column 
shows the timing variable used in the A.C. timing 
waveforms. The parameter column contains the de- 
scription of the timing and its reference signal. If the 
timing is for a particular bus cycle, the cycles will be 
listed in parenthesis. Burst cycles include standard 
timings for their requirements. The Min column lists 
either the minimum delay time, setup time, or hold 
time requirement in nano-seconds unless stated oth- 


_ erwise. The Max column lists the maximum delay 


time also in nano-seconds. The Figure column 
shows what A.C. timing waveforms the parameter 
can be found. The Note column may contain a num- 
ber to refer to a specific note found at the end of the 
table. 


The A.C. specifications are based upon the specified 
Capacitive loading values in Table 12-4. The mini- 
mum capacitive loading value is 50 pF for all signals. 


Table 12-4. Capacitive Loading Table 


BALE, BCLKOUT, BE[3:0] #, CHRDY, CMD #, EOP, EX16#, EX32#, EXRDY, |016#, 
lIORC #, IOWC#, LA[31:2], M16#, M/IO#, MRDC#, MSBURST #, MWTC#, REFRESH#, 
RSTDRV, SA[1:0], SBHE #, SD[7:0], SMRDC#, SMWTC#, START #, W/R# 


ALTA20, AEN[4:1], ALTRST #, CRAMRD#, CRAMWT#, INT, DLIGHT, FDCCS#, IDECS#, 
IGNNE #, KEYBDCS#, LASAOE #, LBIOSCS #, NUFLUSH#, RTCALE, RTCRD#, 
RTCWR #, SALAOE #, SALE #, SLOWH#, SPKR, XBUSOE #, XBUSTR #, PCICLK, RESET, 


PERR#, SERR# 
DACKI[7:5,3:0], MACK[7:0] # 


EISAHOLD, SDCPYEN[13:1] #, SDCPYUP, SDLE[3:0] #, SDOE[2:0] # 
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12.3.1 CLOCK SIGNALS A.C. SPECIFICATIONS 


tle,t2e 


tic,t@e 
290476-92 


Figure 12-1. Clock Timings 


PCICLK 


BCLKOUT 
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Figure 12-2. BCLKOUT and BCLK 
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- Table 12-5. Clock Signals A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) 


| Symbol | Parameter, =| Min. | Max | Figures | Notes 


PCICLK(1) 


PRON aiy | ew eee eg ee eee 
Se a a wee 
OR a es | 
ie] erneetediy eo | ee 
BCLK, BCLKOUT 
a eG 
Low Time (at 0.8V) ie ene Ss 
High Time (at 2.0V) ee a ee Se 


Rise Time (0.8V to 2.0V) 
Fall Time (2.0V to 0.8V) 
BCLKOUT Delay from PCICLK Rising (240 pF) 


ees 

Ces 

| Cain 

3b BCLKOUT Delay from PCICLK Rising (30 pF) | 2 — 
ee 


a 


2c 


me al 


oe a 


3c BCLK Setup to PCICLK Rising 
{3d BCLK Hold from PCICLK Rising 


Clock Period (0.8V to 0.8V) ee See 
Low Time (0.8V) ee ee 
t2c High Time (2.0V) ee ar nee ee 
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yf 
be 


82374EB | Sig intel i 


12.3.2 A.C. SPECIFICATIONS 
Table 12-6. EISA Interface A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) 


/Symbol | Parameter =| Min’_| Max | Figures | Notes | 


EISA MASTER 


t4a Delay from BCLK Rising/Falling (Assembly, 1 12-6,7,8 
Disassembly) 


jab | SetuptopcikRisng | || | 
a cepuiktese ST et 
Nar waaay 0 ee 
CME oy a | eee 
eo a Cee Se 
i [eg oe eT 
/t6b | Hold from BCLK Rising [ate Bae 
W/R# | 
oa pees Oe 
a menage eT 
CT a ee RA 
/t8b | Hold from BCLK Rising Pe Ree a ee 
MRDC#, MWTC#, IORC#, IOWC#, SMRDC#, SMWTC# 
|19a__| DelayfromBCLKRising/Faling | 
[9 1OWG# Delay om BOUK isng/Faling | 38 
START # 
Cok ee 
i i 
, | Tper-5 


Hold from BCLK Rising 
Pulsewidth Tper-5 
| tt0e | START# Setup to PCICLK Rising eS 


a 
ti 

> 

@ 

N 


riz | Deyo BaLKRisng/Faing ——SC~—~—rSCiCd | ee 
[risa | Seupwacikraing —=S~=~“~*é~irSCS‘iaS*dC‘(! oT 
Titab | Word tomacucraing ———S~sSa | id tee | 
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BS , 
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Table 12-6. EISA Interface A.C. Specifications (Vpp = 5V +5%, Toase = 0°C to + 85°C) (Continued) 


[symbot [Parameter | in_ | Max | Figures | Notes 


EISA MASTER (continued) 


Setup to BCLK Rising 


aks 
© 


ee ae 
iy: ee 


—_ 
ge) 


M/10O, W/R 


Delay from IORC#, IOWC#, MRDG# Asserted ees hee 


SMRDC #, SMWTC # 
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" ia ee, teh ' oe wa “73 7 
a BRS >) : ay 
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; , ay 
2 , is 
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Table 12-6. EISA Interface A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) (Continued) 
Symbol | Parameter, =| Min | Max | Figures | Notes 
ISA MASTER (Continued) 
CMD# 


[eta | Deaytomecikhemy —=SsSC=~“*‘“*éirCSCdC ee 
Pas | Delay tom MROG#,IORCe Rising Read «to | wo | ea | 


1016#, M16# 


mais ee 
[as | olay tom exaze Exibe Asvoned ———=SC*=“‘*‘idtSCSC*idC es 
ee 


CHRDY 


Taba | Neato Delay fom MROG® MWICe,IORGe OWGe | | eo | aa [ 
fate —[ rettoeyromecacratng Ts [ee 


DMA CYCLES 
LA[31:2] 


i ames oe 
a7 | Daley FomBCUC Fling (OMA"A B'Foreen || so | 12a | 
BE[3:0] # 

[on | Oey ton BOK Fang OMA] ee 
128) | Delay from BCLK Falling (DMA “A, B”, Refresh) ae ee: Ree 


SAO, SA1, SBHE # 


Delay from BCLK Falling (DMA “A, B”, Refresh) Mae ek: Baas 
REFRESH # 

aie | ieee eee 
mero eR Un eS Nae 
ae Se ee 


+ 
NO 
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Table 12-6. EISA Interface A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) (Continued) : 


[symboi | Parameter Min | Max | Figures | Notes 


DMA CYCLES (Continued) 
AEN#, AEN([4:1]/EAEN[4:1] | 


[01 | DeleytromactkFaling ——=SSC=~=~“~*~“~*~—dSCS*~“‘idit‘C tw 
MWR ee eee oy ee | ee 


M/IO, W/R 
Delay from BCLK Falling (DMA “A, B”, Refresh) St as eee ed 
rasa | slay rom BOLKRising/Faling —_——=SS*d | 
34a 
35 Delay from BCLK Rising/Falling ee ee oS hee 
SLBURST # 
t36b Hold from BCLK Rising (DMA “C”) ity. endo tt nes 
MSBURST# = 
Float Delay from BCLK Falling Tt 2h) Sa 
ee 
aia 
P| 1221 
| 30 | tee 


t38b 
t38c 


t39a 
t39b 
t39c 


Delay from BCLK (DMA “A, B’’) 

Setup to BCLK Rising (EOPIN Mode) 

Hold from BCLK Rising (EOPIN Mode) 

Float Delay from DACK # Rising (DMA “A, B’’) 
SLAVE ACCESS 

SD([7:0] 
t40a 
t40b 
t40c 
t40d 
NOWS # 


t41 Asserted from LA Valid Rs ee See 
CPG[4:0] # | 
[eo [tee [4 


t42 Valid Delay from LA Valid 
1-395 


MRDC #, MWTC#, IORC#, IOWC#, SMRDC#, SMWTC# 
START # 

Delay from BCLK Rising ee lag gd 12-18 ee etal 
CMD# 

Setup to BCLK Rising (DMA “C”) fe |! ee hee 
37 Delay from BCLK Falling (DMA “‘C”) 1 hl ws 


ee ee 
oOo} Oo 


12-22 
12-22 
12-22 
12-22 


Valid Data Delay from BCLK Rising (Read) 
Setup to BCLK Rising (Write) 

Hold from BCLK Rising (Write) 

Float Delay from CMD # Negated (Read) 


=" 
on 


co 


0 
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Table 12-7. Data Swap Logic A.C. Specifications (Vpp = 5V +5%, Tcase = 0°C to + 85°C) 


-Symbol | Parameter | (Min | Max | Figures | Notes | 


SDCPYEN([13:1] # 


pCR VMI et ea, 

Galil iaettin aembanelll Set, be 
Assembly) 

[aap | Negate Delay fom BCLK Rising Dsassomby) | —*(| as | ia7 | 

rac | Assert Delay rom BCLK Fling (isassomby) | —+(| 19 *| ta7 | 

\40d__| Delay tom BCLK Rising/Faling Gurst Mismatch) | 6 | 15 | 129 | 

\4de | Valid Delay from 1O16¢ Asserted (SA 16-5iSlave) | _ 

waat__| SDCPYUP Setup to SDOPYENTIG:]# Vaid | 

= eseetaenses = | 
Asserted/Negated (ISA Mismatch) 


t44a Delay from BCLK Rising/Falling (Standard Mismatch, 25 12-5, 6 
Assembly, Disassembly) 


t44b Delay from MWTC#, IOWC# Asserted/Negated 
(ISA Mismatch) 


SDLE[3:0] # 


t45a Assert Delay from BCLK Rising (Assembly) Parca 
t45b Deassert Setup to CMD # Negated (Assembly) er a 


t45c Deassert Setup to SDCPYEN[13:01] # Negated 
(Assembly) 


Pasa | Delay trom BGLK Fating Gisssonby) ——=Ss«dt=SCid ws | ee | 
Twea | Delay tom BOLK Rsing/Faling Reaive) _——=«dt =a «as | ee | 8 
web | Dela om BCLK Rsing/Faling Oisassorby) [1 | es | 128 | 
Pw6c | Assert Delay rom BCLK Fang (Disessonoy) | 1 | 21 | we | 


Table 12-8. Arbitration, Timer, Interrupt A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) 


a a a 
uta [Sapestikeee eT ee 
Hold from BCLK Rising 2a see 
Co, a Ae 
Tee | Dele tom MREGK# Ring i eter | 


2 


Delay from BCLK Rising = 
Delay from DREQ Falling | 240 | 
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Table 12-8. Arbitration, Timer, Interrupt A.C. Specifications 
(Vpp = 5V +5%, Tcase = 0°C to + 85°C) (Continued) 


[symbot[ Parameter ———=SS« Min | ax | Figures | Notes 


[sta | Delay rom PROIOS], ROTSA1, 0S, BOLK FERRE [| | 200 | 1228 | 
resi | DelaytromaarutLassered S| S*d 100: | tae | 


rise | Delay Wom iOCHK SERA Assorted ———=S~idrC*‘“‘iz OCC 


RSTDRV 


[150 | Delay vom RESET# Assortod/Negated ———=«t~S=«di 00 | tae | 


SLOWH # 


[sa | DoaytromBcikFaing ——SOS=~“~*~*~idSC~‘irCO wT 


eg ee ee ed 
rissa | DelayhromBcikraing —~S=~=~S~sSSC‘ir HOw 
[ess | Delaytromoscrismg ——~S~SsSS*d at | tac | 


Table 12-9. Interchip Signals A.C. Specifications (Vpp = 5V +5%, Tease = O°C to + 85°C) 


|Symbol | Parameter =| Min | Max | Figures | Notes 


EISAHOLD 


OMI Rae Lie ee eee 
rise | DoaytomPGCiKRisnmg —SSsSC=~“~*~*~—“‘id ACS | ow 
Tisza | SoupwPocukReng ——SOS=~=~“~*~*~—“‘is CCC 
rise | HoldtromPicikrismg ———S~S—~—~— Yi tz | 


Table 12-10. integrated Logic Support Signals 
A.C. Specifications (Vpp = 5V +5%, Tcase = 0°C to + 85°C) 


[Symbol | =———————séParameter =| (Min | Max | Figures | Notes | 

| t60a__ | SALE# Negate Delay from BCLK Rising(DMAMaster) | 1 | 98 | 12-32 | 2 | 

/t60b _| SALE# Assert Delay fromBCLK Rising(DMAMaster) | 1 | 38 | 12-32 | | 

SALE # Delay from BCLK Falling/Rising | Pe ee 12-3 ies 
(EISA Master, DMA Assembly/Disassembly) 

| t60d | SALE# DelayfromBCLKRising(ISAMaste) | 1 | 38 | 124 | 


[61a | LASAOES Delay romaciKRisng ~~ SS*dt a] tee | 
Ti6ib | SALAOE# Delay omacuKRising ——«dt «dt as | vee | 
ati 


SALAOE # Negate Delay from REFRESH # Asserted 
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Table 12-10. Integrated Logic Support Signals 
A.C. Specifications (Vpp = 5V +5%, Toase = O0°C to + 85°C) (Continued) 


Tsymbor[ == arameter == Min | Max | riguren | Noten 
[iéza | Asseried Delay fiom IOWCe# Assorted ——~=~S~=~dYSC*‘“zCO eee 
Tea | Deessert Delay fom FERR# Negaied ————=«Y~SS*d; (too | tae | 


CHIP SELECTS (LBIOSCS#, KYBDCS#, FDCCS#, GPCS[2:0] # /ECS[2:0] #) 


[16a | Delay romLAVaid and BALE Assorted «Yi Sw tee 
KEYBOARD CONTROLLER (ALTRST#, ALTA20, ABFULL) 

a 
Tee [ ALTAZO Delay romacuKring ———S=~dY:C*é‘i Cts 
[esa | RTOALEDelay romBCLKRising ——=S=~=~“~*~sdSC*‘idzC 
Tesh | ATCRO* Assert Delay fom XBUSTR# Negated | | so | 120s | 
[esc | ATCRD* Deasser Delay romlORCe Nogated | | ao | eee | 
[esd | RTOWR# Assert Delay om iowCe Assorted | | so | 1206 | 
[ese | RTCWR# Deassor Delay omacuKriing | | 0 | 1208 | 
Fieéa | CRAMAD# Assert Delay om XBUSTR® Negaied | | 60 | 1208 [| 
Tes | CRAMAD# Deassert Delay from IORC# Negated | | 0 | 1208 | 
Tieec | CRAMWRe Assert Delay rom OWGC# Assorted | | 80 | 1208 | 
Tised | CRAMWR-# Deassert Dela omBCLKRisng | | so | 1208 | 


X-BUS CONTROL (XBUST/R #, XBUSOE #) 
EISA, ISA MASTER 


‘67a. —'|_ XBUST/R# Delay from IORC#, IOWC#, MRDC#, 12-36,37 
MWTC# — 
t67b | XBUSOE# Delay from IORC#, IOWC#, MRDC#, 12-37 
MWTC# 
t67¢ | XBUST/R# Hold from IORC#, IOWC#, MRDC#, 110 | 12-37 
MWTC # Inactive 
t67d XBUSOE # Inactive Delay from |ORC#, IOWC#, 115 12-37 | 
MRDC#, MWTG¢# Inactive 
XBUSOE # Active Delay from XBUST/R # Active eee Ee 
XBUST/R # Inactive Delay from XBUSOE# Inactive | 10 | 40 | 12-37 — 


UJ 
4 
“ 
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Table 12-10. Integrated Logic Support Signals 
A.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) (Continued) 


|Symbol | Parameter | Min | Max | Figures | Notes 


ma ee ee ee 
re cr 
rez | XBUSOE¢ Active Delay romDAcKe Acie (| | a7 | as | 
Teri | XBUST/A# Inacve Delay rom DAGK@ macive | | es | 120e | 
re7j | XBUSOE¢ inacve Delay om OACK2Inacive | 10 | 5 | 12s | 
Terk | XBUSOE¢ Active Delay rom XBUST/A # Active | 3 | 16 | 129s | 
Tent | XBUST/A# Inactive Delay rom XBUSOE* Inactive | 2 | 40 | 1200 | 
FLOPPY DISK CONTROLLER (OSKCHG) SSS 


FLOPPY DISK CONTROLLER (DSKCHG) 


FR 
Pes | 1ORC# Asseriedto sor Oren ——SSS~=~dSC=‘idtC S| tee 
[ieee | 1ORC# NegatodtoSorFloated ——=S~=~rECié‘“(tCS*YCawe 


NOTES: 

1. PCICLK input must meet PCI Specification requirements for clock skew. 

2. For DMA type “‘A, B” read cycles SALE # is asserted for one BCLK. For DMA compatible read, type ‘‘B” write, type “C”’ 
read and write SALE # is asserted for two BCLKs. For DMA compatible write, and type ‘‘A” write SALE # is asserted for 
three BCLKs. | 

3. For EISA redrive cycles SDOE is negated on the first rising edge of BCLK. For DMA type “‘B” redrive cycles SDOE is 
negated on the second falling edge of BCLK. For DMA type “C”’ redrive cycles SDOE is negated on the third falling 
edge of BCLK. 

4. The CPG[4:0] signals are shared with LA[31:27] # and are outputs only during I/O access to 0800h-O8FFh. 

5. For an 8-bit ISA slave, NOWS# is sampled starting on the second falling edge of BCLK after CMD # is asserted. 16-bit 
ISA slaves are sampled starting on the first falling edge of BCLK after CMD# is asserted. 


12.3.3 A.C. TIMING WAVEFORMS 


BCLK 
START# 


CMD# 
M/l\O# 
BE[3:0]# 
W/R# 


SA0,SA1,SBHE# 


BALE 


Slave Size(1) 


Data 


SALE# 
290476-94 


NOTE: 
1. EX32#, EX16# 


Figure 12-3. EISA Master Cycle 
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DREQ 


DACK# 

BALE 

MWTC#, IOWC# 
MRDC#,IORC# 


SMRDC#, SMWTC# 
SAO, SA1, SBHE# 


BE[3:0}# 


M/10,W/R 
EX32#, EX16# 


M16# 
START# 
CMDA&(1) 
CMD#(2) 


CHRDY 
EXRDY 


SALE# 
LASAOE# 


SALAOE# 
NOTES: 
1. CMD# negation during write cycles is triggered off of BCLK rising. 
2. CMD # negation during read cycles is triggered off of MRDC#, IORC#. 


Figure 12-4. ISA Master Cycle 


Po ecole 

_ 
SDCPYUP 

t43a| t43a 


SDCPYEN[13:01]# TE TAS Pe, 


t43a+| Matched size determined 


SDCPYEN[13:01}#(1) 
290476-96 


NOTE: 
1. The copy buffers are enabled until the ESC can determine that the master and slave sizes match. At this time the 
copy buffers are disabled. 


Figure 12-5. Mismatch 
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BCLK 
START# 


CMD# 


LA[31:2] 


BE[3:0}# 


Data 


SDLE[3:0}# 


SDOE#{(3:0) 


SDCPYUP 


SDCPYEN[13:01]# 


EX32# 
290476-97 


Figure 12-6. Assembly with Redrive 


BCLK 
START# 
CMD# 


BE[3:0}# 


290476-98 


Figure 12-7. DMA Assembly, Disassembly 
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BCLK 


START# 
CMD# 


BE[3:0]# 
Data 


SDLE[3:0]}# 


SDOE[2:0]# 


SDCPYEN[13:01]# 


EX32# 


BCLK 
START# 
CMD# 
BE[3:0}# 


SDCPYEN# 


Data 
290476-A0 


Figure 12-9. Burst Mismatch 


BCLK 
START# 


CMD# 


16-bit EISA Master 32 to 16 downshift 
290476-A1 


Figure 12-10. MASTER16# Signal 
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BCLK 


lOWC# EISA Master cycles 


lIOWC#1 DMA (ALL) cycles 


lIORC# EISA Master cycles 


lORC#1 DMA (General) 


lIORC#2 DMA (Memory >= /O) 


lORC#3 
290476-A2 


Figure 12-11a. IORC#, IOWC # Signals 


BCLK 


EISA to 16-bit ISA 
MWTC#1 All DMA 


MRDC# EISA to 8-bit ISA 


MRDC#1 DMA type 'A','B' (Memory >= I/O) 


DMA (General), type 'C', Refresh 
MRDC#2 EISA to 16-bit ISA 


290476-A3 


Figure 12-11b. MRDC #, MWTC # Signals 


1-403 


aT | ee 
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BCLK 


EISA to 8-bit ISA 


9a, 198, 
t9a,t33a 
All DMA 


SMWTC# 


SMWTC#1 
Wa- EISA to 8-bit ISA 
SMRDC# 


t33a 
basin DMA type ‘A','B' (Memory >= I/O) 
SMRDC#1 


DMA (General), Refresh 
SMRDC#2 EISA to 16-bit ISA 


290476-—A4 


Figure 12-11c. SMRDC #, SMWTC # Signals (EISA Master Cycles) 


BCLK 
START# 
CMD# 
MSBURST# 


SLBURST# 
290476-—A5 


Figure 12-12. EISA Burst Cycle 


t15a_, ti5b 
BCLK 


START# Bitaeu 
a hele 
1016# 
. 290476-A6 


Figure 12-13. 1016 # Signal 


BCLK 


START# 
M16# 


290476-A7 


Figure 12-14. M16# Signal 
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t17a-++t17b 


BCLK 


START# | Ee: 
NOWS# 
290476-A8 


Figure 12-15. NOWS # Signal 


18a) t18b 
BCLK 


START# pa 
CMD# 


t18c- 


CHRDY 
290476-A9 


Figure 12-16. EISA Master to ISA Slave (CHRDY) 


BCLK 
START# 
CMD# 
EXRDY# 


290476-BO 


Figure 12-17. EISA Slave (EXRDY) 


BCLK 
DREQx 


AENx 
DACKx# 


LA[31:2], M/O 


SA[1:0], SBHE#,BE[3:0] 


W/R 


START# 


CMD# 
290476-B1 


Figure 12-18. DMA Cycle (General) 


1-405 
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BCLK 
START# 
CMD# 


t27a,t28a <--> t27a,t28a ++ 
LA[31:2], BE[3:0}# 


SLBURST# 


MSBURST# 
290476-B2 


Figure 12-19. DMA Burst Cycle (Type “C”) 


BCLK 
START# 
CMD# 


EXRDY# 
290476-B3 


Figure 12-20. DMA Master Burst Write Cycle 


t39b-———>/«---——- t39c 
BCLK SRE SS EO pesca raga, 4p 
EOP(1) | 
—~ t39a——_——+| 


EOP(2) 
DACKx# 


EOP(3) 
290476-B4 


Figure 12-21. EOP Signal 


BCLK 
CMD# 


SD[7:0](read) 
SD[7:0](write) 


290476-B5 


Figure 12-22. SD[7:0] Signals 
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LA[19:2] 


41 


NOWS# 


| ——) 
a CS er ae ee ee eee 


290476-B6 


Figure 12-23. NOWS#, CPG([4:0] # Signals 


BCLK 
START# 


ae i ee st ee ee 5 a 


Se ee A es eee eee yw Le 
L sac 


SDCPYEN[13,03,01 ]# 
290476-B7 


NOTE: 
SDCPYENO2# is handled the same for 8-bit and 16-bit slaves. |016# does not change this signal. 


Figure 12-24. EISA or DMA Master Read from 16-Bit ISA I/O 


= t30b—+\—t30c- 
BCLK 


REFRESH«(input) 


pe eet 
SALAOE# 


-t30a —| 
REFRESH#(output) \ 


290476-B8 


Figure 12-25. REFRESH # Signal 


MRDC#,MWTC#,IORC#, IOWC# \ / 


SDCPYEN[13:01]# 


SDCPYUP 
290476-B9 


Figure 12-26. ISA Mismatch 


1-407 


a i 
, a 
% 


t47a,t47b  t47a,t47b t49a,t49b 
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Z 


BCLK 
MREQ1# 


MACK1# 
MREQ2# 


MACK2# 
DRQ1 


DACK1# 
290476-CO 


Figure 12-27. DMA and EISA Arbitration 


SLOWH# 


pos eae 


INT# 
IRQ[15:1], PIRQ{3:0] 
FERR# 
ABFULL 
290476-C1 


Figure 12-28. Timers and Interrupts 


290476-C2 


Figure 12-29. NMI and RSTDRV 


1-408 
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— 
57a t58a->\« +(t58b 
PCICLK 
Lissa 
EISAHOLD 
EISAHOLDA 
PEREQ#/INTA# 


PEREQ# INTA# 


290476-C3 


Figure 12-30. EISAHOLD Signals 


t59b-————+--—t59e— 
PCICLK 
1500 rn 


NMFLUSH# 


ESC 
290476-C4 


ESC PCEB 


Figure 12-31. Flush Request 


SALE# Type A read 
Type B read 


START# 


Compatible read 
Type B write 
Type C read/write 


SALE#1 
START#1 


Compatible write 


Type A write 


290476-C5 


IGNNE# 


lOWC# \ | 


290476-C6 


Figure 12-33. IGNNE # Signal 


1-409 
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LA[31:2] 


BALE 
ee eee 


Chip Select# (1) 
NOTE: 290476-C7 


1. LBIOSCS#, KEYBDCS#, FDCCS#, GPCS[2:0] #/ECS[2:0] #. 
Figure 12-34. Chip Select 


fp_$$a $$ 14 — + 
| Aiea Sia a eS ea ee eS | See 


290476-C8 


Figure 12-35. Keyboard Controller Signals 


3 i Men Sas, SAS eae, RFE Maa ne SS See | ae 


tesa 
RTCALE 


lOWC# 


te5d,t660 |b —» 
RTCWR#, CRAMWR# 


lIORC# 
XBUSTR# 


RTCRD#, CRAMRD# 
290476-C9 


Figure 12-36. Real Time Clock and Configuration RAM Signals 


lORC#, IOWC#, MRDC#, MWTC# 


XBUST/R® ? 
1676 


XBUSOE# 


290476-D0 


Figure 12-37. X-Bus Buffer Signals 


DACK2# 


XBUST/R# 


t67g | t67k 
nea eT 


XBUSOE# 


290476-D4 


4-410 Figure 12-38. X-Bus Buffer Signals 


A ntel 82374EB 


290476-D1 


Figure 12-39. DSKCHG Signal 


12.4 NAND Tree The sequence of the ATE test is as follows: 
1. Drive TEST # low, IRQ3 high, and IRQ5 high. 
2. Drive each pin that is a part of the NAND Tree 


high. Please note that not every pin is included in 
the tree. See the table below for details. 


A NAND Tree is provided primarily for V/V} test- 
ing. The NAND Tree is also useful for Automated 
Test Equipment (ATE) at board level testing. The 
NAND Tree allows the tester to test the solder con- 


nections for each individual signal pin. 3. Starting at pin 165 (DLIGHT#) and continuing 
with pins 167, 168, etc., individually drive each pin 
The TEST# pin, along with IRQ5 and IRQ3, acti- low. Expect EISAHOLD to toggle after each corre- 
vates the NAND Tree. Asserting TEST # causes the sponding input pin is toggled. The final pin in the 
output pulse train to appear on the EISAHOLD pin. tree is pin 100 (EISAHLDA). Not every pin is tog- 
IRQ5 must be driven high in order to enable the gled in sequential order. Please refer to the table 
NAND Tree. The assertion of IRQ3 causes the ESC for tree ordering. When IRQ3 is driven low, the 
to disable its buffers. test mode is exited, and the ESC’s buffers will be 
enabled. 


4. Before enabling the ESC’s buffers (via IRQ3), turn 
off tester drivers. 


5. Reset the ESC prior to proceeding with further 
testing. 


1-411 
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NAND Tree Cell Order: 


DLIGHT # (1) 
FDCCS # 
RTCWR # 
RTCRD# 
INTCHIPO 
REFRESH # 
NC 

NC 

NC 

lIOCHK # 
RSTDRV 
IRQ9 
DREQ2 
NOWS # 
CHRDY 


START # 
EXRDY 
EX32# 
EX16# 
SLBURST # 


_ EOP 


SPKR 
IRQ8# 
IRQ13 
IRQ1 
DREQO 
MRDC # 
MWTC# 
DREQ5 
DREQ6 


LA22 

LA2 

LA21 

LA20 

LA19 

MREQ7 #/PIRQ0# 
LA18 
MREQ6#/PIRQ1 # 
LA17 

MREQ5 #/PIRQ2# 
MREQ4 #/PIRQ3# 
MREQ3 # 
MREQ2# 

MREQ1 # 


SMWTC# 
SMRDC # 
lIOWC # 
lORC# 
DREQ3 
DREQ1 
IRQ7 
IRQ6 
BALE 
OSC 

SA1 

SAO 
M16# 
SBHE # 
lO16# 
IRQ10 
IRQ11 
IRQ12 
IRQ15 
IRQ14 
CRAMRD # 
DSKCHG 
ABFULL 
CMD # 


DREQ7 MREQO# 

MASTER16# BEO# 

LA31#/CPG4 BE1# 

LA30#/CPG3 BE2# 

LA29 #/CPG2 BES # 

LA28#/CPG1 SDO 

LA27#/CPGO SD1 

LA26# SD2 

LA25 # SD3 

LA24 # SD4 

LA16 SD5 

LA15 SD6 

LA14 SD7 

LA13 W/R# 

LA12 M/IO# 

LA11 MSBURST # 

LA10 FERR # 

LA9 RESET # 

LA8 PERR# 

LA7 SERR # 

LA6 NMFLUSH # 

LA5 PEREQ#/INTA# 

LA4 IRQ4 

LA23 IRQ3(2) 
EISAHLDA\S) 


NOTES: 

1. First Pin in NAND Tree 

2. Enables ESC’s Buffers When ‘‘0” 
3. Last Pin in NAND Tree 


+5V 


1 oe 
ee Cell 163 
Bp Ss s 
Pin 102 (INTCHIPO) to EISAHOLD 


Pin 100 (EISAHLDA) 


Pin 106 (REFRESH#) 


290476-D5 


Figure 12-40. NAND Tree 
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13.0 PINOUT AND PACKAGE INFORMATION 


The ESC package is a 208-pin plastic Quad flat pack (PQFP). The package signals are shown in Figure 13-1 
and listed in Tables 13-1 and 13-2. 


13.1 Pinout and Pin Assignment 


XBUSTR# 
XBUSOE# 
GPCS1#/ECS1 


ce 
D 
« 
7 
a 
J 
a 


: 
Pad 
Wu 
s28 


162 —___—_ 
160-—_—— 


MACKO#/E 
MREQ7#/PIRQO# ————— 42 
[A166 
MREQ6#/PIRQ1# C1} 44 
17) 45 


LA 
MREQS5#/PIRQ2# ————4 46 
MREQ4#/P 


_ BURVBRSSSISSSSSSSL KLE LOKLPSSASSSBSSSRaNVSSESSBSoeS> 


ct 


290476-D2 


Figure 13-1. ESC Package Pinout 
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Table 13-1. ESC Alphabetical Pin Assignment 


AEN4/EAEN4 | 117 


Tactazo | e4 | out 
Tactaste | 0 | out 
ramet | out 
Teck | 268 | in 
recuxouT | 176 | out 
[ecow | ss | ve 
recie | se | ve 
rcow | se | vs 
owe | 170 | out 
ToRaMADe | 164 | out 


ToraMwre | 163 | out _ 
ToacKow | 196 | out 
Toackie | 126 | out 
ToacKee | 140 | out 


DACK3 # 


[Dacks# | 199 | out | 


[epost #/ecsi| 150 | out 
[eposew/ecse| 160 | out _ 
fannee | 92 | out 
inte | ont | 
jiocnKe | 110 | in 
jionce | 120 | vs 
mcr | 108 | in 
fics | 130 | in 
ge | 198 | in 
mcs | 17 | in 
ince | 16 | in 
mcr | 105 | in 
imcer | 190 | in 
fice [ae | in 
facie |e | in 
fact | 40 | in 
facie | 160 | in 
facie | 104 | in 
facia | tse | in 
fans | ast | in 
evens | 172 | out 


waz | 90 | ts 
LA26# Cane |: ie | 
jLazse/cpai | 6 | t/s | 
Tiago ropa | | us 
jtaso#/cpaa | 4 | ts 
tast#/crG4 | 3 | ts 
rtasaoee | a76 | out 
jusioscs# | 173 | out _ 
Twigs [1a | ova 


MACKO # / 41 
EMACKO 

MACK1 #/ 

EMACK1 

MACK2 #/ 37 
EMACK2 

MACKS #/ 207 
EMACK3 


Pwasreniee | 206 [in 


Cin 
Cin] 
Cin 


imrecos | 8 | in 
aan 
PIRQ3 # 

SEE 
PIRQ2# 

ee 
PIRQ1# 

al 
PIRQO# 

Mwrce | 200 | vs 
INC] 100 | No 
INWFLusH® | 9 | vs 
NM 00 | out 
osc ae | in 
pocik | 180 | in 
PEREQ#TINTA®| 96 | in 
penne | 6 | in 
resets | 05 | in 
jasronv | 411 | out 
fatoae | 170 | out 
aTono® | 160 | out 


ATowRe | 168 | out 


NOTE: 


ide) _— 


[socPvENoi# | 89 | out | 
[sooPvenoee | 22 | out | 
[sooPveNnose | et | out | 
[sooPventse | 80 | out 
[soopvue | 76 | out 
[soucoe | ea | out | 
[souete | 85 | out 
[source | 06 | aut 
[souese | 67 | out 
[soocoe | 75 | out | 
[soot | 74 | out | 
[soocee | 70 | out” 
[senne |e? | in | 
Tsusunste | vee | in 
[stowne | 192 | out 
remwree | 116 | out 
spn tet | ont | 


reste | 164 | in 
Cm 


NC pins require individual pull-up resistors of 8K-10K. 
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cs 1 
are 
sl 
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<|<i< 
oO (Oo. 1 
i ro 4 
are Ge ee 
or | O1 | 
NN] OQ | — 


< 
0 
oO 


nN 1M |W 0 
nm in |W oO 
on ae) 


< 
” 
nm 


wn 
nm 
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SS 


iii : 

MN 1D 1D |W 

min |W IW 

s 2 
N 


f 
nm 1M 
nm |W 
al 
Oo | © 
<|<|<|¢|- 


tog | Vv 


129 
, 
1 
, 
182 


< 
” 
” 

< 


” 

” 
ie) 
=) 


” ” ” 
” n ” 
N | © 


7) 
¢) 


< 


ss 183 
rxsusoes | ie | out 
Dxsustae | 162 | out 


N 
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Table 13-2. ESC Numerical Pin Assignment 


| 
< 
aol 
@ 


Type 
MACK2#/ 
EMACK2 


MACK1 #/ 
EMACK1 


37 


w 
” 


LA31#/CPG4 | t 
LA30#/CPG3 | t/ 
LA29#/CPG2 | _ t/ 


LA28 #/CPG1 


LA19 


MACKO #/ 
EMACKO 


MREQ7 #/ 
PIRQO # 


43 LA18 


a4 MREQ6 # / 
PIRQ1 # 


45 LA17 


46 MREQ5 #/ 
PIRQ2# 


MREQ4 #/ 
PIRQ3 # 


MREQ3 # 
MREQ2 # 
MREQ1 # 
~MREQO# 


vw 
as, 
~” 


42 


Oo 
O 


47 


Oo 
O 


ot 
— 
” 


oe 
~ 
” 


a a 
| 96 | tAz | ts 


NOTE: 
NC pins require individual pull-up resistors of 8K-10K. 
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Pin # Type 


Vpp 
0 | W/R# 
71 | M/IO# t/ 
72 | MSBURST# t/s 


[7a |sooeze | out 
[74 [soocie | out 
(7s |soocoe | out 
[76 [soopvup | out_ 
Vss 
VDD 


| 80 | SDCPYEN13# 
SDCPYENO3 # 


SDCPYEN02 # 
SDCPYENO1 # 
SDLEO # 
SDLE1 # 
SDLE2# 
SDLE3# 


ronal 
ee 


~] 


s 


w 


84 


oe) 
N 


91 | FERR# 
GNNE # 
ALTRST # 
ALTA20 
RESET # 
PERR # 
SERR # 
NMFLUSH # 


PEREQ #/ 
INTA# 


EISAHLDA 
EISAHOLD 
NTCHIPO | 


94 


<e) 


foe) 
© 


1 
t/ 


—, 


00 
01 
102 


t/s 


Table 13-2. ESC Numerical Pin Assignment (Continued) 


Type 


2) 
” 


a ie ae | oe <i< 


105 
106 
107 


Vpp 
REERESH # 


Re 


zliz ° Qo |°O Sieizi« 


109 
110 
111 
112 
113 


QO 


lIOCHK # 
RSTDRV 


114 | NOWS# 
115 | CHRDY 
116 | SMWTC# 
117 | AEN4/EAEN4 
118 | AEN3/EAEN3 
119 | AEN2/EAEN2 
} 120 | AEN1/EAEN1 | out 
SMRDC # 
lOWC# t/s 
|ORC# t 
DACK3# 
125 | DREQS 
DACK1 # 
DREQ1 
BCLK 
130 _| Vss 
Vpb 
132 
133 


134 
135 


AEN # 
IRQ7 


137 


138 | IRQ4 


Pin # Type 
DACK2# 
BALE 
OSC 
SA1 
SAO 
M16# 
SBHE # 


oe Se ee ee ee Se Se 
Phi fi HP _ HP LH] HR] ow 
a;h il oOolinm;—~;o;o 
Olaeiae 

= | Sa 


< ee 
Oo 
Oo 

eed 


ae 
pw 
o>) 


147 | 1O16# o/d 

148 
RQ11 
RQ12 
RQ15 
IRQ14 

153 | PCICLK 

154 | TEST# 

155 | GPCSO#/ECSO 
Vpb 
GPCS1#/ECS 

160 | GPCS2#/ECS2 


XBUSOE # 
XBUSTR# 
CRAMWR # 
CRAMRD# 
DLIGHT # 
DSKCHG 
FDCCS# 
RTCWR# 
RTCRD# 
RTCALE 
ABFULL 
KYBDCS # 
LBIOSCS# 
SALAOE # 


ae ee ee oe ee ee de ee ee ee 
DIL DIDI DIDI ADI AI A!|®” 
O;lDMDInia; na;Frs; osrmo|] — 


175 
176 
77 
178 
179 
180 
8 
182 


—_ 


—_ 


184 

5 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 


—" —s 
fee) © 
iée) 


20 


—_—, 


204 


207 


208 


82374EB 


LASAOE # 
SALE # 
Vss 
BCLKOUT 
CMD # 
START # | 


<lelele 
< es] 
a 


0 
os) 


Vss 
Vss 
NC 


EXRDY 
X32 # 
EX16# 
SLBURST # 


mM 


—< z 
2) 
ST vaaubosuucdi isan 
. 


SPKR 
SLOWH # 
IRQ8# 
IRQ13 
IRQ1 
DACKO # 
DREQO 
MRDC # 
DACK5 # 


DACK6 # 
DREQ6 
DACK7 # 
DREQ7 
MASTER16# 


MACKS #/ 
EMACK3 


Vpp 


e 


Ou 


™ 


Co;1o 10 izIi2f’”? fend 


ae - 
a a 


out 
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13.2 Package Characteristics 


“Note Height Measurements same 
as Width Measurements 


0.305+0.055 


a 


0.50 


0.076 Max 


Tolerance Window for 
Lead Skew from Theoretical 
True Position 


Max 
Units: mm 
290476-D3 


Figure 13-2. Packaging Dimension Information 


14.0 REVISION HISTORY 


The following list represents the key differences be- 
tween version -001 and -002 of the 82374EB EISA 
System Component (ESC) data sheet. 


Section 2.6 The external pull-up resistor require- 
ment was added to SLOWH# signal 
| description. 
Section 2.9.5 The RTCRD#, RTCWR# signal de- 
scriptions were modified. 
Section 2.9.6 The FDCCS#, DLIGHT# signal de- 
scriptions were modified. 


Section 2.9.8 The XBUST/R#, XBUSOE# signal 
descriptions were modified. 


1-418 


Section 2.10 The external pull-up resistor require- 
ment was added for all pins desig- 
nated as NC (no-connect). 


The Mode Select Register was re- 
defined. Option for routing 
PIRQ[3:0] # to unused X-Bus sig- 
nals added. 


The Peripheral Chip Select A regis- 
ter description was modified. Previ- 
ously reserved bit 6 defined as Key- 
board Controller Mapping. 


The method for accomplishing 
block mode Scatter-Gather trans- 
fers was added. 


Section 12.3.2 The AC Specifications were modi- 
fied and added. 


Section 12.4 NAND Tree information added. 


Section 3.1.3 


Section 3.1.7 


Section 6.6 


intel. 


82375EB 
PCI-EISA Bridge (PCEB) 


Provides the Bridge Between the PCI 
Bus and EISA Bus 


100% PCI and EISA Compatible 
— PCI and EISA Master/Slave Interface 
— Directly Drives 10 PCI Loads and 
8 EISA Slots 
— Supports PCi at 25 MHz to 33 MHz 


Data Buffers Improve Performance 

— Four 32-bit PCI-to-EISA Posted Write 
Buffers 

— Four 16-byte EISA-to-PCI Read/Write 
Line Buffers 

— EISA-to-PClI Read Prefetch 

— EISA-to-PCl and PCI-to-EISA Write 
Posting 


Data Buffer Management Ensures Data 

Coherency 

— Flush Posted Write Buffers 

— Flush or Invalidate Line Buffers 

— System-Wide Data Buffer Coherency 
Control 


Burst Transfers on both the PCI and 
EISA Busses — 


32-Bit Data Paths 
integrated EISA Data Swap Buffers 


Arbitration for PCI Devices 

— Supports Six PCI Masters 

— Fixed, Rotating, or a Combination of 
the Two — 


PCi and EISA Address Decoding and 

Mapping 

— Positive Decode of Main Memory 
Areas (MEMCS# Generation) 

— Four Programmable PCI Memory 
Space Regions 

— Four Programmable PCI I/O Space 
Regions 


Programmable Main Memory Address 

Decoding 

— Main Memory Sizes Up To 
512 MBytes 

— Access Attributes for 15 Memory 
Segments in First 1 MByte of Main 
Memory 

— Programmable Main Memory Hole 


Integrated 16-bit BIOS Timer 


The 82375EB PCI-EISA Bridge (PCEB) provides the master/slave functions on both the Peripheral Compo- 
nent Interconnect (PCI) Bus and the EISA Bus. Functioning as a bridge between the PCI and EISA buses, the 
PCEB provides the address and data paths, bus controls, and bus protocol translation for PCI-to-EISA and 
EISA-to-PClI transfers. Extensive data buffering in both directions increases system performance by maximiz- 
ing PCI and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB’s buffer management 
mechanism ensures data coherency. The PCEB integrates central bus control functions including a program- 
mable bus arbiter for the PCI Bus and EISA data swap buffers for the EISA Bus. Integrated system functions 
include PCI parity generation, system error reporting, and programmable PCI and EISA memory and I/O 
address space mapping and decoding. The PCEB also contains a BIOS Timer that can be used to implement 
timing loops. The PCEB is intended to be used with the EISA System Component (ESC) to provide an EISA 
1/O subsystem interface. 


*Other brands and names are the property of their respective owners. 


October 1993 
Order Number: 290477-002 
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1.0 ARCHITECTURAL OVERVIEW 


The PCI-EISA bridge chip set provides an I/O sub- 
system core for the next generation of high-perform- 
ance personal computers (e.g., those based on the 
Intel486™ or Pentium™ processor). System de- 
signers can take advantage of the power of the PCI 
(Peripheral Component Interconnect) for the local 
1/O bus while maintaining access to the large base 
of EISA and ISA expansion cards, and correspond- 
ing software applications. Extensive buffering and 
buffer management within the PCI-EISA bridge en- 
sures maximum efficiency in both bus environments. 


The chip set consists of two components—the 
82375EB PCI-EISA Bridge (PCEB) and the 82374EB 
EISA System Component (ESC). These components 
work in tandem to provide an EISA |/O subsystem 
interface for personal computer platforms based on 
the PCI standard. This section provides an overview 
of the PCI and EISA Bus hierarchy followed by an 
overview of the PCEB and ESC components. 


Bus Hierarchy—Concurrent Operations 


Figure 1-0 shows a block diagram of a typical sys- 
tem using the PCI-EISA Bridge chip set. The system 
contains three levels of buses structured in the fol- 
lowing hierarchy: 


— Host Bus as the execution bus 
— PCI Bus as a primary I/O bus 
— EISA Bus as a secondary I/O bus 
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This bus hierarchy allows concurrency for simulta- 
neous operations on all three bus environments. 
Data buffering permits concurrency for operations 
that crossover into another bus environment. For ex- 
ample, a PCI device could post data destined to 
EISA into the PCEB. This permits the PCI Bus trans- 
action to complete in a minimum time, freeing up the 
PCI Bus for further transactions. The PCI device 
does not have to wait for the transfer to complete to 
its final destination. Meanwhile, any ongoing EISA 
Bus transactions are permitted to complete. The 
posted data is then transferred to its EISA Bus desti- 
nation when the EISA Bus is available. The PCI- 
EISA Bridge chip set implements extensive buffering 
for PCI-to-EISA and EISA-to-PCl bus transactions. In 
addition to concurrency for the operations that cross 
bus environments, data buffering allows the fastest 
operations within a particular bus environment (via 
PCI burst transfers and EISA burst transfers). 


The PCI with 132 MByte/sec and EISA with 
33 MByte/sec peak data transfer rates represent 
bus environments with significantly different band- 
widths. Without buffering, transfers that cross the 
single bus environment are performed at the speed 
of the slower bus. Data buffers provide a mechanism 
for data rate adoption so that the operation of the 
fast bus environment (PCI), i.e., usable bandwidth, is 
not significantly impacted by the slower bus environ- 
ment (EISA). 
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Figure 1-1. PCI-EISA Chip Set System Block Diagram 
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PCi Bus 


The PCI Bus has been defined to address the grow- 
ing industry needs for a standardized /oca/ bus that 
is not directly dependent on the speed and the size 
of the processor bus. New generations of personal 
computer system software such as Windows” and 
Win-NT* with sophisticated graphical interfaces, 
multi-tasking and multi-threading bring new require- 
ments that traditional PC I/O architectures can not 
satisfy. In addition to the higher bandwidth, reliability 
and robustness of the |/O subsystem are becoming 
increasingly important. The PCI environment ad- 
dresses these needs and provides an upgrade path 
for the future. PCI features include: 


e Processor independent 
¢ Multiplexed, burst mode operation 
e Synchronous up to 33 MHz 


e 120 MByte/sec usable throughput (132 MByte/ 
sec peak) for 32-bit data path 


e 240 MByte/sec usable throughput (264 MByte/ 
sec peak) for 64-bit data path 


e Optional 64-bit data path with operations that are 
transparent with the 32-bit data path 


e Low latency random access (60 ns write access 
latency to slave registers from a master parked 
on the bus) 


¢ Capable of full concurrency with processor/mem- 
ory subsystem 


e Full multi-master capability allowing any PCI mas- 
ter peer-to-peer access to any PCI slave 


e Hidden (overlapped) central arbitration 


e Low pin count for cost effective component pack- 
aging (multiplexed address/data) 


e Address and data parity 


e Three physical address spaces: memory, I/O, 
and configuration 


e Comprehensive support for autoconfiguration 
through a defined set of standard configuration 
functions 


System partitioning shown in Figure 1-1 illustrates 
how the PCI can be, used as a common interface 
between different portions of a system platform that 
are typically supplied by the chip set vendor. These 
portions are the Host/PCl Bridge (including a main 
memory DRAM controller and an optional secondary 
cache controller) and the PCI-EISA Bridge. Thus, the 
PCI allows a system I/O core design to be decou- 
pled from the processor/memory treadmill, enabling 
the I/O core to provide maximum benefit over multi- 
ple generations of processor/memory technology. 
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For this reason, the PCI-EISA Bridge can be used 
with different processors (i.e., derivatives of the 


Intel486 CPU or the new generation processors, 
such as the Pentium processor). 


Regardless of the new requirements imposed on the 
processor side of the Host/PCI Bridge (e.g., 64-bit 
data path, 3.3V interface, etc.) the PCI side remains 
unchanged. This standard PCI environment allows 
reusability, not only of the rest of the platform chip 
set (i.e., PCI-EISA Bridge), but also of all other I/O 
functions interfaced at the PCI level. These func- 
tions typically include graphics, SCSI, and LAN. 


EISA Bus 


The EISA bus in the system shown in the Figure 1-1 
represents a second level I/O bus. It allows person- 
al computer platforms built around the PCI as a pri- 
mary I/O bus to leverage the large EISA/ISA prod- 
uct base. Combinations of PCI and EISA buses, both 
of which can be used to provide expansion func- 
tions, will satisfy even the most demanding applica- 
tions. 


Along with compatibility for 16-bit and 8-bit ISA hard- 
ware and software, the EISA bus provides the fol- 
lowing key features: 


e@ 32-bit addressing and 32-bit data path 
e 33 MByte/sec bus bandwidth 


¢ Multiple bus master support through efficient arbi- 
tration 


e Support for autoconfiguration 


integrated Bus Central Control Functions 


The PCI-EISA Bridge chip set integrates central bus 
functions on both the PCI and EISA Buses. For the 
PCI, the functions include PCi bus arbitration and 
default bus driver. For the EISA Bus, central func- 
tions include the EISA Bus controller and EISA arbi- 
ter that are integrated in the ESC component and 
EISA data swap buffers that are integrated in the 
PCEB. 


Integrated System Functions 


The PCI-EISA Bridge chip set integrates system 
functions including PCI parity and system error re- 
porting, buffer coherency management protocol, PCI 
and EISA memory and I/O address space mapping 
and decoding. For maximum flexibility, all of these 
functions are programmable allowing for variety of 
optional features. 
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1.1 PCEB Overview 


The PCEB and ESC form a PCI-EISA Bridge chip 
set. The PCEB/ESC interface provides the inter-chip 
communications between these two devices. The 
major functions provided by the PCEB are described 
in this section. 


PCi Bus Interface 


The PCEB can be either a master or slave on the 
PCI Bus and supports bus frequencies from 25 MHz 
to 33 MHz. For PCl-initiated transfers, the PCEB can 
only be a slave. The PCEB becomes a slave when it 
positively decodes the cycle. The PCEB also be- 
comes a slave for unclaimed cycles on the PCI Bus. 
These unclaimed cycles are either negatively or sub- 
tractively decoded by the PCEB and forwarded to 
the EISA Bus. 


As a slave, the PCEB supports single cycle transfers 
for memory, I/O, and configuration operations and 
burst cycles for memory operations. Note that burst 
transfers cannot be performed to the PCEB’s inter- 
nal registers. Burst memory write cycles to the EISA 
Bus can transfer up to four Dwords, depending on 
available space in the PCEB’s Posted Write Buffers. 
When space is no longer available in the buffers, the 
PCEB terminates the transaction. This supports the 
Incremental Latency Mechanism as defined in the 
PCI Specification. Note that, if the Posted Write Buff- 
ers are disabled, PC! burst operations are not per- 
formed and all transfers are single cycle. 


For EISA-initiated transfers to the PCI Bus, the 
PCEB is a PCI master. The PCEB permits EISA de- 
vices to access either PCI memory or I/O. While all 
PCI I/O transfers are single cycle, PCl memory cy- 
cles can be either single cycle or burst, depending 
on the status of the PCEB’s Line Buffers. During 
EISA reads of PCIl memory, the PCEB uses a burst 
read cycle of four Dwords to prefetch data into a 
Line Buffer. During EISA-to-PC! memory writes, the 
PCEB uses PCI burst cycles to flush the Line Buff- 
ers. The PCEB contains a programmable Master La- 
tency Timer that provides the PCEB with a guaran- 
teed time slice on the PCI Bus, after which it surren- 
_ ders the bus. 


As a master on the PCI Bus, the PCEB generates 
address and command signal (C/BE#) parity for 
read and write cycles, and data parity for write cy- 


cles. As a slave, the PCEB generates data parity for 


read cycles. Parity checking is not supported. 
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The PCEB, as a resource, can be locked by any PCI 
master. In the context of locked cycles, the entire 
PCEB subsystem (including the EISA Bus) is consid- 
ered a single resource. 


PCI Bus Arbitration 


The PCI arbiter supports six PCI masters—The 
Host/PCl bridge, PCEB, and four other PCI masters. 
The arbiter can be programmed for twenty-four fixed 
priority schemes, a rotating scheme, or a combina- 
tion of the fixed and rotating schemes. The arbiter 
can be programmed for bus parking that permits the 
Host/PCl Bridge default access to the PCI Bus when 
no other device is requesting service. The arbiter 
also contains an efficient PCI retry mechanism to 
minimize PCI Bus thrashing when the PCEB gener- 
ates a retry. The arbiter can be disabled, if an exter- 
nal arbiter is used. 


EISA Bus Interface 


The PCEB contains a fully EISA-compatible master 
and slave interface. The PCEB directly drives eight 
EISA slots without external data or address buffer- 
ing. The PCEB is only a master or slave on the EISA 
Bus for transfers between the EISA Bus and PCI 
Bus. For transfers contained to the EISA Bus, the 
PCEB is never a master or slave. However, the data 
swap buffers contained in the PCEB is involved in 
these transfers, if data size translation is needed. 
The PCEB also provides support for |/O recovery. 


EISA/ISA masters and DMA can access PCI memo- 
ry or |/O. The PCEB only forwards EISA cycles to 
the PCI Bus if the address of the transfer matches 
one of the address ranges programmed into the 
PCEB for EISA-to-PCl positive decode. This includes 
the main memory segments used for generating 
MEMCS# from the EISA Bus, one of the four pro- 
grammable memory regions, or one of the four pro- 
grammable |/O regions. For EISA-initiated accesses 
to the PCI Bus, the PCEB is a slave on the EISA 
Bus. I/O accesses are always non-buffered and 
memory accesses can be either non-buffered or 
buffered via the Line Buffers. For buffered accesses, 
burst cycles are supported. 


During PCl-initiated cycles to the EISA Bus, the 
PCEB is an EISA master. For memory write opera- 
tions through the Posted Write Buffers, the PCEB 
uses EISA burst transfers, if supported by the slave, 
to flush the buffers. Otherwise, single cycle transfers 
are used. Single cycle transfers are used for all |/O 
cycles and memory reads. 
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PCI/EISA Address Decoding 


The PCEB contains two address decoders—one to 
decode PCl-initiated cycles and the other to decode 
EISA-initiated cycles. The two decoders permit the 
PCI and EISA Buses to operate concurrently. 


The PCEB can also be programmed to provide main 
memory address decoding on behalf of the Host/ 
PCI bridge. When programmed, the PCEB monitors 
the PCI and EISA bus cycle addresses, and gener- 
ates a memory chip select signal (MEMCS#) indi- 
cating that the current cycle is targeted to main 
memory residing behind the Host/PCl bridge. Pro- 
grammable features include, read/write attributes 
for specific memory segments and the enabling/dis- 
abling of a memory hole. If not used, the MEMCS # 
feature can be disabled. 


In addition to the main memory address decoding, 
there are four programmable memory regions and 
four programmable |/O regions for EISA-initiated cy- 
cles. EISA/ISA master or DMA accesses to one of 
these regions are forwarded to the PCI Bus. 


Data Buffering 


To isolate the slower EISA Bus from the PCI Bus, 
the PCEB provides two types of data buffers. Buffer 
management control guarantees data coherency. 


Four Dword wide Posted Write Buffers permit post- 
ing of PCl-initiated memory write cycles to the EISA 
Bus. For EISA-initiated cycles to the PCI Bus, there 
are four 16-byte wide Line Buffers. The Line Buffers 
permit prefetching of read data from PCI memory 
and posting of data being written to PCI memory. 


By using burst transactions to fill or flush these buff- 


ers, when appropriate, the PCEB maximizes bus effi- ' 


ciency. For example, an EISA device could fill a Line 
Buffer with byte, word, or Dword transfers and the 
PCEB would use a PCI burst cycle to flush the filled 
line to PCI memory. 


BIOS Timer 


The PCEB has a 16-bit BIOS Timer. The timer can 
be used by BIOS software to implement timing 
loops. The timer count rate is derived from the EISA 
clock (BCLK) and has an accuracy of +1 us. 


1.2 ESC Overview 


The PCEB and ESC form a PCI-EISA bridge. The 
PCEB/ESC interface provides the inter-chip commu- 
nications between these two devices. The major 
functions provided by the ESC are described in this 
section. 
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EISA Controller 


The ESC incorporates a 32-bit master and an 8-bit 
slave. The ESC directly drives eight EISA slots with- 
out external data or address buffering. EISA system 
clock (BCLK) generation is integrated by dividing the 
PCI clock (divide by 3 or divide by 4) and wait state 
generation is provided. The AENx and MACKx sig- 
nals provide a direct interface to four EISA slots and 
supports eight EISA slots with encoded AENx and 
MACKx signals. 


The ESC contains an 8-bit data bus (lower 8 bits of 
the EISA data bus) that is used to program the 
ESC’s internal registers. Note that for transfers be- 
tween the PCI and EISA Buses, the PCEB provides 
the data path. Thus, the ESC does not require a full 
32-bit data bus. A full 32-bit address bus is provided 
and is used during refresh cycles and for DMA oper- 
ations. 


The ESC performs cycle translation between the 
EISA Bus and ISA Bus. For mis-matched master/ 
slave combinations, the ESC controls the data swap 
buffers that are located in the PCEB. This control is 
provided through the PCEB/ESC interface. 


DMA Controller 


The ESC incorporates the functionality of two 82C37 
DMA controllers with eight independently program- 
mable channels. Each channel can be programmed 
for 8-bit, 16-bit, or 32-bit DMA device size, and ISA- 
compatible, type “A’, type “B’’, or type ““C”’ timings. 
Full 32-bit addressing is provided. The DMA control- 
ler is also responsible for generating refresh cycles. 


The DMA controller supports an enhanced feature 
called scatter/gather. This feature provides the ca- 
pability of transferring multiple buffers between 
memory and |/O without CPU intervention. In scat- 
ter/gather mode, the DMA can read the memory 
address and word count from an array of buffer de- 
scriptors, located in main memory, called the scat- 
ter/gather descriptor (SGD) table. This allows the 
DMA controller to sustain DMA transfers until all of 
the buffers in the SGD table are handled. 


interrupt Controller 


The ESC contains an EISA compatible interrupt con- 
troller that incorporates the functionality of two 
82C59 Interrupt Controllers. The two interrupt con- 
trollers are cascaded providing 14 external and two 
internal interrupts. 
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Timer/Counter 


The ESC provides two 82C54 compatible timers 
_ (Timer 1 and Timer 2). The counters in Timer 1 sup- 
port the system timer interrupt (IRQO#), refresh re- 
quest, and a speaker tone output (SPKR). The coun- 
ters in Timer 2 support fail-safe time-out functions 
and the CPU speed control. 


Integrated Support Logic 


To minimize the chip count for board designs, the 
ESC incorporates a number of extended features. 
The ESC provides support for ALTA20 (Fast 
A20GATE) and ALTRST with I/O Port 92h. The 
ESC generates the control signals for SA address 
buffers and X-Bus buffer. The ESC also provides 
chip selects for BIOS, the keyboard controller, the 
floppy disk controller, and three general purpose de- 
vices. Support for generating chip selects with an 
external decoder is provided for IDE, a parallel port, 
and a serial port. The ESC provides support for a 
PC/AT compatible coprocessor interface and IRQ13 
generation. 


2.0 SIGNAL DESCRIPTION 


This section provides a detailed description of each 
signal. The signals are arranged in functional groups 
according to their associated interface. 
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The “#” symbol at the end of a signal name indi- 
cates that the active, or asserted state occurs when 
the signal is at a low voltage level. When “#”’ is not 
present after the signal name, the signal is asserted 
when at the high voltage level. 


The terms assertion and negation are used exten- 
sively. This is done to avoid confusion when working 
with a mixture of ‘‘active-low” and “‘active-high”’ sig- 
nals. The term assert, or assertion indicates that a 
signal is active, independent of whether that level is 
represented by a high or low voltage. The term ne- 
gate, or negation indicates that a signal is inactive. 


The following notations are used to describe the sig- 
nal type. 


in Input is a standard input-only signal. 
out Totem Pole output is a standard active driv- 
er. 


s/o/d Sustained Open Drain input/output 


t/s Tri-State is a bi-directional, tri-state input/ 
output pin. 


Sustained Tri-State is an active low tri-state 
signal owned and driven by one and only 
one agent at a time. The agent that drives a 
s/t/s pin low must drive it high for at least 
one clock before letting it float. A new agent 
can not start driving a s/t/s signal any soon- 
er than one clock after the previous owner 
tri-states it. An external pull-up is required to 
sustain the inactive state until another agent 
drives it and must be provided by the central 
resource. 


s/t/s 
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2.1 PCI Bus Interface Signals 


Description 


PCICLK a PCI CLOCK: PCICLK provides timing for all transactions on the PCI Bus. All other 


PCI signals are sampled on the rising edge of PCICLK and all timing parameters are 
PCIRST # 


defined with respect to this edge. Frequencies supported by the PCEB range from 
AD[31:0] 


25 MHz to 33 MHz. 
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PCI RESET: PCIRST # forces the PCEB into a known state. All t/s and s/t/s 
signals are forced to a high impedance state, and the s/o/d signals are allowed to 
float high. The PCEB negates all GNT # lines to the PCI Bus and the PCEB negates 
its internal request. The PCEB drives AD[31:0], C/BE[3:0] #, and PAR during reset 
to keep these signals from floating (depending on the state of CPUREQ# and 
REQ1 #—as described in the following paragraph). 


As long as PCIRST # is asserted and CPUREQ # is high, the PCEB drives the 
AD[31:0] signals to keep them from floating. If CPUREQ# is low and REQ1 # is 

low, the PCEB does not drive AD[31:0] while PCIRST # is asserted. If CPUREQ# is 
low and REQ1 # is high, the PCEB drives AD[31:0] while PCIRST # is asserted. 


All PCEB registers are set to their default values. PCIRST # may be asynchronous 
to PCICLK when asserted or negated. Although asynchronous, the negation of 
PCIRST # must be a clean, bounce-free edge. PCIRST # must be asserted for a 
minimum 1 ms, and PCICLK must be active during the last 100 us of the PCIRST # 
pulse. 


ADDRESS AND DATA: AD[31:0] is a multiplexed address and data bus. During the 
first clock of a transaction, AD[31:0] contain a physical address. During subsequent 
clocks, AD[31:0] contain data. 


A PCEB bus transaction consists of an address phase followed by one or more data 
phases. Little-endian byte ordering is used. AD[7:0] define the least significant byte 
(LSB) and AD[31:24] the most significant byte (MSB). The information contained in 
the two low order address bits varies by address space. In the |/O address space, 
AD[1:0] are used to provide full byte address. In the memory and configuration 
address space, AD[1:0] are driven ‘‘00” during the address phase. The other three 
encodings are reserved. See Section 5.0, PCI Interface for more details. 


When the PCEB is a target, AD[31:0] are inputs during the address phase of a 
transaction. During the following data phase(s), the PCEB may be asked to supply 
data on AD[31:0] as for a PCI read, or accept data as for a PCI write. As an Initiator, 
the PCEB drives a valid address on AD[31:0] (with exceptions related to AD[1:0]) 
during the address phase, and drives write or latches read data on AD[31:0] during 
the data phase. 


As long as PCIRST # is asserted and CPUREQ # is high, the PCEB drives the 
AD[31:0] signals to keep them from floating. If CPUREQ # is low and REQ1 # is 
low, the PCEB does not drive AD[31:0] while PCIRST # is asserted. If CPUREQ # is 
low and REQ1 # is high, the PCEB drives AD[31:0] while PCIRST # is asserted. 


When the internal arbiter is enabled (CPUREQ# sampled high at the time when 
PCIRST # is negated), the PCEB acts as the central resource responsible for driving 
the AD[31:0] signals when no one is granted the PCI Bus and the bus is idle. When 
the internal arbiter is disabled, the PCEB does not drive AD[31:0] as the central 
resource. The PCEB is always responsible for driving AD[31:0] when it is granted 
the bus (PCEBGNT # and idle bus) and as appropriate when it participates in bus 
transactions. During reset, these signals are tri-stated. 
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2.1 PCI Bus Interface Signals (Continued) 


C/BE[3:0] # BUS COMMAND AND BYTE ENABLES: The command and byte enable signals 


are multiplexed on the same PCI pins. During the address phase of a transaction, 
FRAME # s/t/s 


C/BE[3:0] # define the bus command for bus command definitions. During the 
data phase, C/BE[3:0] # are used as Byte Enables. The Byte Enables determine 
which byte lanes carry meaningful data. C/BE[0] # applies to byte 0 and 
C/BE[3] # to byte 3. C/BE[3:0] # are not used for address decoding. 


The PCEB drives C/BE[3:0] # as an initiator of a PCI Bus cycle and monitors 
C/BE[3:0] # as a target. 


As long as PCIRST # is asserted and CPUREQ # is high, the PCEB drives 
C/BE[3:0] # to keep them from floating. If CPUREQ # is low and REQ1 ¥ is low, 
the PCEB does not drive C/BE[3:0] # while PCIRST #is asserted. If CPUREQ # is 
low and REQ1 #is high, the PCEB drives C/BE[3:0] # while PCIRST # is 
asserted. 


When the internal arbiter is enabled (CPUREQ# sampled high at the time when 
PCIRST # is negated), the PCEB acts as the central resource responsible for 
driving the C/BE[3:0] # signals when no device is granted the PCI Bus and the 
bus is idle. When the internal arbiter is disabled, the PCEB does not drive 
C/BE[3:0] # as the central resource. The PCEB is always responsible for driving 
C/BE[3:0] # when it is granted the bus (PCEBGNT # and idle bus) and as 
appropriate when it is the master of a transaction. During reset, these signals are 
tri-stated. 


FRAME: FRAME # is driven by the current initiator to indicate the beginning and 
duration of an access. FRAME # is asserted to indicate that a bus transaction is 
beginning. During a transaction, data transfers continue while FRAME # is 
asserted. When FRAME # is negated, the transaction is in the final data phase. 
FRAME # is an input when the PCEB is the target. FRAME # is an output when 
the PCEB is the initiator. During reset, these signals are tri-stated. 


TRDY # s/t/s | TARGET READY: TRDY #, as an output, indicates the PCEB target’s ability to 
complete the current data phase of the transaction. TRDY # is used in 
conjunction with IRDY #. A data phase is completed on any clock that both 


TRDY # and IRDY # are sampled asserted. When PCEB is the target during a 
IRDY # 
STOP # 


read cycle, TRDY # indicates that the PCEB has valid data present on AD[31:0]. 
During a write, it indicates that the PCEB, as a target, is prepared to latch data. 
TRDY # is an input to the PCEB when the PCEB is the initiator. During reset, 
these signals are tri-stated. 


INITIATOR READY: IRDY #, as an output, indicates the PCEB initiator’s ability to 
complete the current data phase of the transaction. IRDY # is used in conjunction 
with TRDY #. A data phase is completed on any clock that both IRDY # and 
TRDY # are sampled asserted. When PCEB is the initiator of a write cycle, 

IRDY # indicates that the PCEB has valid data present on AD[31:0]. During a 
read, it indicates the PCEB is prepared to latch data. IRDY # is an input to the 
PCEB when the PCEB is the target. During reset, these signals are tri-stated. 


STOP: As a target, the PCEB asserts STOP # to request that the master stop the 
current transaction. When the PCEB is an initiator, STOP # is an input. As an 
initiator, the PCEB stops the current transaction when STOP # is asserted. 
Different semantics of the STOP # signal are defined in the context of other 
handshake signals (TRDY # and DEVSEL #). During reset, these signals are tri- 
stated. 
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2.1 PCI Bus Interface Signals (Continued) 


pPachente | Wee = Deetiintion: att aa | 


PLOCK # PCI LOCK: PLOCK # indicates an atomic operation that may require multiple 


transactions to complete. PLOCK # is an input when PCEB is the target and output 
IDSEL e 


when PCEB is the initiator. When PLOCK # is sampled negated during the address 
DEVSEL# 


phase of a transaction, a PCI agent acting as a target will consider itself a locked 


resource until it samples PLOCK # and FRAME # negated. When other masters 
PERR# 


attempt accesses to the PCEB (practically to the EISA subsystem) while the PCEB 
1-432 i 


is locked, the PCEB responds with a retry termination. During reset, this signal is 
tri-stated. 


INITIALIZATION DEVICE SELECT: IDSEL is used as a chip select during 
configuration read and write transactions. The PCEB samples IDSEL during the 
address phase of a transaction. If the PCEB samples IDSEL asserted during a 
configuration read or write, the PCEB responds by asserting DEVSEL # on the next 
cycle. 


DEVICE SELECT: The PCEB asserts DEVSEL # to claim a PCI transaction as a 
result of positive, negative, or subtractive decode. As an output, the PCEB asserts 
DEVSEL# when it samples IDSEL asserted during configuration cycles to PCEB 
configuration registers. 


‘As an input, DEVSEL # indicates the response to a PCEB-initiated transaction. The 
PCEB, when not a master, samples this signal for all PCI transactions to decide 
whether or not to negatively or subtractively decode the cycle (except for 
configuration and special cycles). During reset, this signal is tri-stated. 


PARITY: PAR is even parity across AD[31:0] and C/BE[3:0] #. When acting as a 
master, the PCEB drives PAR during the address and write data phases. As a 
target, the PCEB drives PAR during read data phases. 


As long as PCIRST # is asserted and CPUREQ # is high, the PCEB drives the PAR 
signal to keep it from floating. If CPUREQ# is low and REQ1 # is low, the PCEB 
does not drive PAR while PCIRST # is asserted. If CPUREQ# is low and REQ1 # 
is high, the PCEB drives PAR while PCIRST # is asserted. 


When the internal arbiter is enabled (CPUREQ# sampled high at the time when 
PCIRST # is negated), the PCEB acts as the central resource responsible for 
driving the PAR signal when no other device is granted the PCI Bus and the bus is 
idle. When the internal arbiter is disabled, the PCEB does not drive PAR as the 
central resource. The PCEB is always responsible for driving PAR when it is 
granted the bus (PCEBGNT # and idle bus) and as appropriate when it is the 
master of a transaction. 


Note that the driving and tri-stating of the PAR signal is always one clock delayed 
from the corresponding driving and tri-stating of the AD[31:0] and C/BE[3:0] # 
signals. During reset, this signal is tri-stated. 


PARITY ERROR: PERR # reports data parity errors on all transactions, except 
special cycles. This signal can only be asserted (by the agent receiving data) two 
clocks following the data (which is one clock following the PAR signal that covered 
the data). The duration of PERR # is one clock for each data phase that a data 
parity error is detected. (If multiple data errors occur during a single transaction the 
PERR # signal is asserted for more than a single clock.) PERR# must be driven 
high for one clock before being tri-stated. During reset, this signal is tri-stated. 
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2.2 PCI Arbiter Signals 


1. CPUREQ# is used to determine if the PCEB needs to drive the AD, C/BE#, 
and PAR signals while PCIRST # is asserted. As long as PCIRST # is asserted 
and CPUREQ # is high, the PCEB drives the AD, C/BE#, and PAR signals to 
keep them from floating. If CPUREQ# is low and REQ1 # is low, the PCEB 
does not drive these signals while PCIRST # is asserted. If CPUREQ # is low 
and REQ1 # is high, the PCEB drives these signals while PCIRST # is 
asserted. 


. If CPUREQ# is sampled high when PCIRST # makes a low-to-high transition, 
the internal arbiter is enabled. If it is sampled low, the internal arbiter is 
disabled. This requires system logic to drive the CPUREQ# during PCIRST # 
to determine the PCI arbiter configuration. 


. When the PCEB’s internal PCI arbiter is enabled, this signal, if asserted, 


CPUREQ# CPU REQUEST: CPUREQ# has the following functions: 
indicates that the Host CPU requests use of the PCI Bus. If the internal arbiter 
is disabled, this signal is meaningless after reset. 


REQi # REQUEST-1: REQ1 # provides the following two functions: 

1. REQ1 # is used, along with CPUREQ *#, to determine if the PCEB will drive 
AD, C/BE #, and PAR during reset. If CPUREQ # is low and REQ1 # is low, 
the PCEB does not drive AD, C/BE #, and PAR while PCIRST # is asserted. If 
CPUREQ # is low and REQ1 # is high while PCIRST # is asserted, the PCEB 
drives the AD, C/BE#, and PAR signals during reset. 

. If the PCEB’s internal arbiter is enabled, this signal is configured as REQ1 #. 

An active low assertion indicates that master-1 requests the PCI Bus. If the 
internal arbiter is disabled, this pin is meaningless after reset. 


REQO #/ REQUEST-0 OR PCEB GRANT: REQO#/PCEBGNT # is a dual function pin. If 
the PCEB’s internal arbiter is enabled, this pin is configured as REQO #. An active 
low assertion indicates that master-0 requests the PCI Bus. If the internal arbiter 

is disabled, this pin is configured as PCEBGNT # which, when asserted, indicates 
the external PCI arbiter has granted use of the bus to the PCEB. 


PCEBGNT # 


REQUEST: If the PCEB’s internal arbiter is enabled, these signals are configured 
as REQ2# and REQ3#. A bus master asserts the corresponding request signal 
to request the PCI Bus. If the internal arbiter is disabled, these signals are 
meaningless after reset. 


REQ[2:3] # 
CPUGNT # 


GNT0#/ 
PCEBREQ# 


CPU GRANT: If the PCEB’s internal arbiter is enabled, this signal is configured 
as CPUGNT #. The PCEB’s internal arbiter asserts CPUGNT # to indicate that 
the CPU master (Host Bridge) has been granted the PCI Bus. If the internal 
arbiter is disabled, this pin is meaningless. During PCI reset, CPUGNT # is tri- 
stated. This signal requires an external pull-up resistor. 


GRANT-0 OR PCEB REQUEST: GNT0#/PCEBREQ # is a dual function pin. If 
the PCEB’s internal arbiter is enabled, this pin is configured as GNTO#. The 
PCEB’s internal arbiter asserts GNTO # to indicate that master-0 (REQO#) has 
been granted the PCI Bus. If the internal arbiter is disabled, this pin is configured 
as PCEBREQ#. The PCEB asserts PCEBREQ # to request the PCI Bus. During 
PCI reset, this signal is tri-stated. This signal requires an external pull-up resistor. 
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2.2 PCI Arbiter Signals (Continued) 


GNT1 #/ GRANT-1 OR RESUME: GNT1#/ RESUME # is dual function pin. If the PCEB’s 

RESUME # internal arbiter is enabled, this pin is configured as GNT1#. The PCEB’s internal 
arbiter asserts GNT1 # to indicate that master-1 has been granted the PCI Bus. If 
the internal arbiter is disabled, this pin is configured as RESUME #. The PCEB 
asserts RESUME # to indicate that the conditions causing the PCEB to retry the 
cycle have passed. During PCI reset, this signal is tri-stated. This signal requires 
an external pull-up resistor. 


GNT [2:3] # GRANT: If the PCEB’s internal arbiter is enabled, these pins are configured as 
GNT2# and GNT3#. The PCEB’s internal arbiter drives these pins low to indicate 
that the corresponding initiator (REQ2# or REQ3#) has been granted the PCI 


Bus. During PCI reset, these signals are tri-stated. This signal requires an external 
pull-up resistor. - | 


MEMREQ# MEMORY REQUEST: If the PCEB is configured in Guaranteed Access Time 
(GAT) Mode, MEMREQ # is asserted when an EISA device or DMA requests the 
EISA Bus. The PCEB asserts this sjgnal (along with FLSHREQ #) to indicate that 
the PCEB requires ownership of main memory. The PCEB asserts FLSHREQ # 
concurrently with asserting MEMREQ#. MEMREQ # is high upon reset. 
FLSHREQ# MEMREQ# £Meaning 

1 1 Idle 
0) 1 Flush buffers pointing towards PCI to avoid ISA 
deadlock 
1 0 Reserved 
0 0 GAT mode. Guarantee PCI Bus immediate access 
to main memory (this may or may not require the 
PCl-to-main memory buffers to be flushed first 


depending on the number of buffers). 


This signal is synchronous to the PCI clock. During reset, this signal is high. 


FLSHREQ# FLUSH REQUEST: FLSHREQ # is asserted by the PCEB to command all of the 
system’s posted write buffers pointing towards PCI to be flushed. This is required 
before granting the EISA Bus to an EISA master or the DMA. This signal is 
synchronous to the PCI clock. During reset, this signal is high. 


MEMACK # MEMORY ACKNOWLEDGE: MEMACK # is the response handshake that 
indicates to the PCEB that the function requested over the MEMREQ# and/or 
FLSHREQ # signals has been completed. | 
If the PCEB is configured for Guaranteed Access Time Mode through the Arbiter 
Control Register, and both MEMREQ# and FLSHREQ # are asserted, the 
assertion of MEMACK # indicates to the PCEB that ownership of main memory 
has been granted and that all system buffers have been flushed and temporarily 
disabled. 
lf FLSHREQ# is asserted and MEMREQ# is not asserted (with GAT mode being 


either enabled or disabled), the assertion of MEMACK # indicates that the 
system’s posted write buffers pointing towards PCI are flushed and temporarily 
disabled, and the EISA Bus can be granted to an EISA master or DMA. 


This signal is synchronous to the PCI clock. 
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2.3 Address Decoder Signals 


MEMCS # MEMORY CHIP SELECT: MEMCS¢ isa programmable address decode signal 
provided to a Host CPU bridge. A Host bridge can use MEMCS # to forward a PCI 
PIODEC# e 


cycle to the main memory behind the bridge. MEMCS # is asserted one PCI clock 
2.4 EISA Interface Signals 


after FRAME # is sampled asserted (address phase) and is valid for one clock cycle 
___ Description 


before being negated. MEMCS # is high upon reset. 

BCLK BUS CLOCK: BCLK is the system clock used to synchronize events on the EISA 
Bus. The ESC device generates BCLK (BCLKOUT), which is a divided down clock 
from a PCICLK. BCLK runs at a frequency that is dependent on PCICLK anda 
selected division factor (within the ESC). For example, a 25 MHz PCICLK and a 


EISA-to-PCI |/O address space mapping. This signal can be connected to the 
decode select output of an external |/O address decoder. When PIODEC # is 
asserted during an EISA I/O cycle, that cycle is forwarded to the PCI Bus. 


Note that an external pull-up resistor is required if this input signal is not used (i.e., 
not driven by the external logic). 


PCI 1/O SPACE DECODER: PIODEC# can be used to provide arbitrarily complex 
division factor of 3 results in an 8.33 MHz BCLK. 


START # t/s START: START # provides timing control at the start of the cycle and remains 
asserted for one BCLK period. 
When the PCEB is an EISA master, START # is an output signal. START # is 
asserted after LA[31:24] #, LA[23:2] and M/IO# become valid. START # is 
negated on the rising edge of the BCLK, one BCLK after it was asserted. The trailing 
edge of START # is always delayed from the rising edge of BCLK. 
When the PCEB is an EISA master, for cycles to a mismatched slave (see note at 
the end of this section), START # becomes an input signal at the end of the first 
START # phase and remains an input until the negation of the last CMD#. The ESC 
gains the control of the transfer and generates START #. 
When the PCEB is an EISA slave, START # is an input signal. It is sampled on the 
rising edge of BCLK. 
Upon PCIRST #, this signal is tri-stated and placed in output mode. 
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- 2.4 EISA menace Signals (Continued) 


Description 


COMMAND: CMD # provides timing control within the cycle. In all cases, CMD # is 
an input to the PCEB from the ESC. CMD # is asserted from the rising edge of 

BCLK, simultaneously with the negation of START #, and remains asserted until the 
end of the cycle. 


MEMORY OR 1/0: M/I0 # identifies the current cycle as a memory or an |/O cycle. 
M/IO # is pipelined from one cycle to the next and must be latched by the slave. 
M/lO# = 1 indicates a memory cycle and M/IO# = 0 indicates an I/O cycle. 


Pin Name 
CMD # 


M/IO# 


When the PCEB is an EISA master, the M/lO # is an output signal. When the PCEB 
is an EISA slave, M/IO # is an input signal. The PCEB responds as an EISA slave 
for both memory and I/O cycles. Upon PCIRST #, this signal is tri-stated and is 
placed in output mode. 


WRITE OR READ: W/R # identifies the cer as a write or a read cycle. The W/R# 
signal is pipelined from one cycle to the next and must be latched by the slave. 
W/R# = 1 indicates a write cycle and W/R# = 0 indicates a read cycle. 


W/R#, 


When the PCEB is an EISA master, W/R # is an output signal. When the PCEB is an 
EISA slave, W/R # is an input signal. Upon PCIRST #, this signal is tri-stated and 
placed in output mode. 


EISA READY: EXRDY is used by EISA I/O and memory slaves to request wait 
states during a cycle. Each wait state is a BCLK period. 


EXRDY 


The PCEB, as an EISA master or slave, samples EXRDY. As an input, the EXRDY is 
sampled on the falling edge of BCLK after CMD # has been asserted, and if 
inactive, each falling edge thereafter. 


When PCEB is an EISA slave, it may drive EXRDY low to introduce wait states. 
During reset, this signal is not driven. 


EISA 32-BIT: EX32# is used by the EISA slaves to indicate support of 32-bit 
transfers. When the PCEB is an EISA master, it samples EX32# on the same rising 
edge of BCLK that START # is negated. 


EX32# 


During mismatched cycles (see note at the end of this section), EX32# (and 
EX16 #) is used to transfer the control back to the PCEB. EX32# (along with 
EX16#) is asserted by the ESC on the falling edge of BCLK before the rising edge 
of the BCLK when the last CMD # is negated. This indicates that the cycle control is 
transferred back to the PCEB. 


As an EISA slave, the PCEB always drives EX32# to indicate 32-bit support for 
EISA cycles. During reset, this signal is not driven. 


EISA 16-BIT: EX16 # is used by the EISA slaves to indicate their support of 16-bit 
transfers. As an EISA master, the PCEB samples EX16# on the same rising edge of 
BCLK that START # is negated. 


EX16# 


During mismatched cycles (see note at the end of this section), EX16# (and 
EX32 #) is used to transfer the control back to the PCEB. EX16# (along with 
EX32 #) is asserted by the ESC on the falling edge of the BCLK before the rising 
edge of the BCLK when the last CMD # is negated. This indicates that the cycle 
control is transferred back to the PCEB. 


As an EISA slave, the PCEB never asserts EX16#. 
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2.4 EISA Interface Signals (Continued) 


| PinName | Type | 


MSBURST # 


SLBURST# 


. 


BE[3:0] # 


82375EB 


Description 


MASTER BURST: MSBURST # is an output when the PCEB is an EISA master 
and an input when the PCEB is a slave. 


As a master, the PCEB asserts MSBURST # to indicate to the slave that the next 
cycle is a burst cycle. If the PCEB samples SLBURST # asserted on the rising 
edge of BCLK after START # is asserted, the PCEB asserts MSBURST # on the 
next BCLK edge and proceeds with the burst cycle. 


As a slave, the PCEB monitors this signal in response to the PCEB asserting 
SLBURST #. The EISA master asserts MSBURST # to the PCEB to indicate that 
the next cycle is a burst cycle. As a slave, the PCEB samples MSBURST # on the 
rising edge of BCLK after the rising edge of BCLK that CMD # is asserted by the 
ESC. MSBURST # is sampled on all subsequent rising edges of BCLK until the 
signal is sampled negated. The burst cycle is terminated on the rising edge of 
BCLK when MSBURST # is sampled negated, unless EXRDY is sampled 
negated on the previous falling edge of BCLK. During reset, this signal is tri- 
stated. 


SLAVE BURST: SLBURST # is an input when the PCEB is an EISA master and 
an output when the PCEB is a slave. 


When the PCEB is a master, the slave indicates that it supports burst cycles by 
asserting SLBURST # to the PCEB. The PCEB samples SLBURST # on the 
rising edge of BCLK at the end of START # for EISA master cycles. 


When the PCEB is an EISA slave, this signal is an output. As a slave, the PCEB 
asserts this signal to the master indicating that the PCEB Sueparts EISA burst 
cycles. During reset, this signal is tri-stated. 


LOCK: When asserted, LOCK # guarantees exclusive memory access. This 
signal is asserted by the PCEB when the PCI master is running locked cycles to 
EISA slaves. When asserted, this signal locks the EISA subsystem. 


LOCK # can also be activated by a device on the EISA Bus. This condition is 
propagated to the PC! Bus via the PLOCK # signal. During reset, this signal is tri- 
stated. 


BYTE ENABLES: BE([3:0] # identify the specific bytes that are valid during the 
current EISA Bus cycles. When the PCEB is an EISA master and the cycles are 
directed to a matched slave (slave supports 32-bit transfers), the BE[3:0] # are 
outputs from the PCEB. 


When the cycles are directed to a mis-matched slave (slave does not support 
32-bit transfers—see note at the end of this section), the BE[3:0] # are floated 
one and half BCLKs after START # is asserted. These signals become inputs 
(driven by the ESC) for the rest of the cycle. | 


BE[3:0] # are pipelined signals and must be latched by the addressed slave. 
When the PCEB is an EISA/ISA/DMA slave, BE[3:0] # are inputs to the PCEB. 


Upon PCIRST #, these signals are tri-stated and placed in output mode. 
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2.4 EISA Interface Signals (Continued) 


LA[31:24] #, LATCHABLE ADDRESS: LA[31:24] # and LA[23:2] are the EISA address 
LA[23:2] signals. When the PCEB is an EISA master, these signals are outputs from the 
PCEB. These addresses are pipelined and must be latched by the EISA slave. 
LA[31:24] # and LA[23:2] are valid on the falling edge of START #. Note that the 
upper address bits are inverted before being driven on LA[31:24] #. The timing 
for LA[31:24] # and LA[23:2] are the same. 


When the PCEB is an EISA slave, these signals are inputs and are latched by the 
PCEB. 


For I/O cycles, the PCEB, as an EISA master, floats LA[31:24] # to allow for 
ESC’s address multiplexing (during I/O cycle to configuration RAM). LA[23:2] are 
actively driven by the PCEB. For memory cycles, the PCEB as an EISA master, 
drives the LA address lines. During reset, these signals are tri-stated. 


SYSTEM DATA: SD[31:0] are bi-directional data lines that transfer data 
between the PCEB and other EISA devices. Data transfer between EISA and PCI 
devices use these signals. The data swapping logic in the PCEB ensures that the 
data is available on the correct byte lanes for any given transfer. During reset, 

these signals are tri-stated. 


REFRESH: When asserted, REFRESH # indicates to the PCEB that the current 
cycle on the EISA Bus is a refresh cycle. It is used by the PCEB decoder to 
distinguish between EISA memory read cycles and refresh cycles. 


SD[31:0] 


REFRESH # ae 
NOTE: 


Mis-matched Cycles. When the PCEB is an EISA master, cycles to the slaves, other than 32 bits transfers, 
are considered a mis-matched cycle. For mis-matched cycles, the PCEB backs off the EISA Bus one and 
half BCLKs after it asserted START# by releasing (floating) START#, BE[3:0]# and the SD[31:0] lines. 
The ESC device then takes control of the transfer. The ESC controls the transfer until the last transfer. At 
the end of the last transfer, control is transferred back to the PCEB. The ESC transfers control back to the 
PCEB by asserting EX32# and EX16# on the falling edge of BCLK before the rising edge of BCLK when 
the last CMD # is negated. 


2.5 ISA Interface Signals 


An ISA interface signal is included to improve the PCEB’s handling of |/O cycles on the EISA side of the 
bridge. This signal permits ISA masters to address PCI I/O slaves using the full 16-bit bus size. The signal also 
allows the PCEB to identify 8-bit |1/O slaves for purposes of generating the correct amount of I/O recovery. 


lO16# o/d 16-BIT I/O CHIP SELECT: As an EISA slave, the PCEB asserts 1016 # when 
PIODEC # is asserted or an I/O cycle to PCI is detected. 
As an EISA master, the PCEB uses 1016 # as an input to determine the correct 
amount of I/O recovery time from the I/O Recovery Time (IORT) Register. This 
register contains bit-fields that are used to program recovery times for 8-bit and 
16-bit |/O. When 1016 # is asserted, the recovery time programmed into the 16-bit 
1/O field (bits [1:0]), if enabled, is used. When 1016 # is negated, the recovery time 
programmed into the 8-bit I/O field (bits [5:3]), if enabled, is used. 


This signal must have an external pull-up resistor. During reset, this signal is not 
driven. 
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2.6 PCEB/ESC Interface Signals 


ARBITRATION AND INTERRUPT ACKNOWLEDGE CONTROL 


EISAHOLD EISA HOLD: EISAHOLD is used by the ESC to request control of the EISA Bus 
from the PCEB. This signal is synchronous to PCICLK and is driven inactive when 
EISAHLDA Ges 


PCIRST # is asserted. 
EISA HOLD ACKNOWLEDGE: The PCEB asserts EISAHLDA to inform the ESC 
PEREQ#/ 
INTA# 


that it has been granted ownership of the EISA Bus. This signal is synchronous to 
the PCICLK. During PCIRST #, this signal is low. 


PCI-TO-EISA REQUEST OR INTERRUPT ACKNOWLEDGE: PEREQ#/INTA# 
is a dual-function signal. The signal function is determined by the state of 
EISAHLDA signal. 

When EISAHLDA is negated, this signal is an interrupt acknowledge (i.e., 
PEREQ#/INTA# asserted indicates to the ESC that the current cycle on the 
EISA is an interrupt acknowledge). 

When EISAHLDA is asserted, this signal is a PCl-to-EISA request (i.e., 
PEREQ#/INTA# asserted indicates to the ESC that the PCEB needs to obtain 
the ownership of the EISA Bus on behalf of a PCI agent). 


This signal is synchronous to the PCICLK and it is driven inactive when PCIRST # 
is asserted. 


PCEB BUFFER COHERENCY CONTROL 


NMFLUSH # NEW MASTER FLUSH: The bi-directional NNFLUSH # signal provides 


handshake between the PCEB and ESC to control flushing of PCI system buffers 
INTCHIPO 


on behalf of EISA masters. 


During an EISA Bus ownership change, before the ESC can grant the bus to the 
EISA master (or DMA), the ESC must ensure that system buffers are flushed and 
the buffers pointing towards the EISA subsystem are disabled. The ESC asserts 
NMFLUSH # for one PCI clock to request system buffer flushing. (After asserting 
NMFLUSH # for 1 PCI clock, the ESC tri-states NUFLUSH #.) When the PCEB 
samples NMFLUSH # asserted, it starts immediately to assert NUFLUSH# and 
begins flushing its internal buffers, if necessary. The PCEB also requests PCI 
system buffer flushing via the MEMREQ#, FLSHREQ#, and MEMACK # signals. 


When the PCEB completes its internal buffer flushing and MEMACK # is asserted 
(indicating that the PC] system buffer flushing is complete), the PCEB negates 
NMFLUSH # for 1 PCI clock and stops driving it. When the ESC samples 
NMFLUSH # negated, it grants the EISA Bus to an EISA master (or DMA). The 
ESC resumes responsibility of the default NUFLUSH # driver and starts driving 
NMFLUSH # negated until the next time a new EISA master (or DMA) wins 
arbitration. | 


This signal is synchronous with PCICLK and is negated by the ESC at reset. 
INTER CHIP 0: INTCHIPO is a reserved signal. The INTCHIPO signal on the 


PCEB must be connected to the INTCHIPO signal pin on the ESC for proper 
device operation. This signal requires an external pull-up resistor. 
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2.6 PCEB/ESC Interface Signals (Continued) 
| PioName | Tye fae Depoription nt Beau: | 
DATA SWAP BUFFER CONTROL 


SDCPYENO1 # 
SDCPYENO2 # 
SDCPYENO3 # 
SDCPYEN13 # 


SDCPYUP 
SDOE [2:0] # 


SDLE[3:0] # 


COPY ENABLE: These active Low signals perform byte copy operation on the 
EISA data bus (SD[31:0]). The Copy Enable signals are asserted during mis- 
matched cycles and are used by the PCEB to enable byte copy operations 
between the SD data byte lanes 0, 1, 2, and 3 as follows: 


SDCPYENO1 #: Copy between Byte Lane 0 (SD[7:0]) and Byte Lane 1 
(SD[15:8]) 

SDCPYENO2#: Copy between Byte Lane 0 (SD[7:0]) and Byte Lane 2 
(SD[23:16]) 

SDCPYENO3 #: Copy between Byte Lane 0 (SD[7:0]) and Byte Lane 3 
(SD[31:24]) 

SDCPYEN13 #: Copy between Byte Lane 1 (SD[15:8]) and Byte Lane 3 
(SD[31:24]) 


Note that the direction of the copy is controlled by SDCPYUP. 


SYSTEM (DATA) COPY UP: SDCPYUP controls the direction of the byte copy 
operation. A high on SDCPYUP indicates a COPY UP operation where the 
lower byte(s) of the SD data bus are copied onto the higher byte(s) of the bus. 
A low on the signal indicates a COPY DOWN operation where the higher 
byte(s) of the data bus are copied on to the lower byte(s) of the bus. The PCEB 
uses this signal to perform the actual data byte copy operation during mis- 
matched cycles. 


SYSTEM DATA OUTPUT ENABLE: These active Low signals enable the SD 
data output onto the EISA Bus. The ESC only activates these signals during 
mis-matched cycles. The PCEB uses these signals to enable the SD data 
buffers as follows: 


SDOE0 #: Enables Byte Lane 0 SD[7:0] 
SDOE1 #: Enables Byte Lane 1 SD[15:8] 
SDOE2 #: Enables Byte Lane 3 SD[31:24] and Byte Lane 2 SD[23:16] 


SYSTEM DATA LATCH ENABLE: SDLE[3:0] # enable the latching of data on 
the EISA Bus. These signals are activated only during mis-matched cycles, 
except PCEB-initiated write cycles. The PCEB uses these signals to latch the 
SD data bus as follows: 


SDLEO #: Latch Byte Lane 0 SD[7:0] 
SDLE1 #: Latch Byte Lane 0 SD[15:8] 
SDLE2#: Latch Byte Lane 0 SD[23:16] 
SDLE3#: Latch Byte Lane 0 SD[31:24] 


2.7 Test Signal 


Pin Name Description | 


pin must be tied high. 


TEST # eo TEST: This pin is used to tri-state all PCEB outputs. During normal operations, this 


NOTE: 
All pins designated as NC (no-connect) require individual pull-up resistors (8 KN-10 KM). 
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3.0 REGISTER DESCRIPTION 


The PCEB contains both PCI configuration registers 
and I/O registers. The configuration registers (Table 
3-1) are located in PCI configuration space and are 
only accessible from the PCI Bus. The addresses 
shown in Table 3-1 for each register are offset val- 
ues that appear on AD[7:2] and C/BE[3:0] #. The 
configuration registers can be accessed as byte, 
word (16-bit), or Dword (32-bit) quantities. All multi- 
byte numeric fields use “‘little-endian” ordering (i.e., 
lower addresses contain the least significant parts of 
the fields). 


The BIOS Timer is the only non-configuration regis- 
ter (Section 3.2, |/O Registers). This register, like 
the configuration registers, is only accessible from 
the PC! Bus. The BIOS Timer Register can be ac- 
cessed as byte, word, or Dword quantities. 


Some of the PCEB registers contain reserved bits. 
These bits are labeled ‘‘Reserved’’. Software must 
take care to deal correctly with bit-encoded fields 
that are reserved. On reads, software must use ap- 
propriate masks to extract the defined bits and not 
rely on reserved bits being any particular value. On 
writes, software must ensure that the values of re- 
served bits are preserved. That is, the values of re- 
served bit positions must first be read, merged with 
the new values for other bit positions and the data 
then written back. 


In addition to reserved bits within a register, the 
PCEB contains address locations in the PCI configu- 
ration space that are marked ‘Reserved’ (Table 


3-1).The PCEB responds to accesses to these ad- 


dress locations by completing the PCI cycle. When a 
reserved register location is read, 0000h is returned. 
Writes have no affect on the PCEB. 


82375EB 


During a hard reset (PCIRST# asserted), the PCEB 
registers are set to pre-determined default states. 
The default values are indicated in the individual reg- 
ister descriptions. 


3.1 Configuration Registers 


Table 3-1 summarizes the PCEB configuration 
space registers. Following the table, is a detailed de- 
scription of each register and register bit. The regis- 
ter descriptions are arranged in the order that they 
appear in Table 3-1. The following nomenclature is 
used for access attributes. 


RO Read Only. If a register is read only, writes 
to this register have no effect. 


R/W Read/Write. A register with this attribute 
can be read and written. 


Read/Write Clear. A register bit with this 
attribute can be read and written. However, 
a write of a 1 clears (sets to.0) the corre- 
sponding bit and a write of a 0 has no ef- 
fect. 


R/WC 


NOTE: 

Some register fields are used to program address 
ranges for various PCEB functions. The register 
contents represent the address bit value and not 
the signal level on the bus. For example, the upper 
address lines on the EISA Bus have inverted sig- 
nals (LA[31:24] #). However, this inversion is auto- 
matically handled by the PCEB hardware and is 
transparent to the programmer. 
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Table 3-1. Configuration Registers 


Configuration 
Address Offset | Abbreviation Register Name 


Foon-oin | _-viD__| Vendoridentifcation 
[anon [p10 [Daves intention 
RO, RIWC 
ae aT eee 
omega ama eed 
7, MER Re ~~ 
Poh | | ole 
Tain | ARBCON | PCIAriter Gono 
eee 
eae, 
2. Saami 
a 
ew f 


Access 


MEMCS ¢ Control 

PaandeR os ees Paeemed. Sy shree een eee) 
rach | 10RTE | ISAO Recovery Tme Control 
Pabrsah_ «| SC —~=**«COR ove 

[san | MART | MEMOS Atte Register #7 
rssn—=«|~SSMAR2_—|-MEMGS# Attribute Register'#2 
rseh «| MARS__| MEMCS# Attibute Register #3 
rem *S CResorved 

rsan «| -POCON | PCIDecodeGontol SSCS 
a te, i ee 
rsan_+(| ~~ EADG2 _| EISAAddross Decode Control? 
ns | ee) ee 
[scr | ePwRA | iste POI Meron Region Antes 
co ee Se 
r60n-6Fh | MEMREGNT#] | EISA‘to-PGI Memory Region Address (4 register) 
[7on77eh | IOREGNI4:1] | EISAto-PCI1/O Region Address (4 registers) 
BIOS Timer Base Address 

[ean [TGR [E16 Latoncy Timer ontop 
Cn A [aE 
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3.1.1 VID—VENDOR IDENTIFICATION The VID Register contains the vendor identification 
REGISTER number. This register, along with the Device Identifi- 
cation Register, uniquely identify any PCI device. 
Register Name: Vendor Identification Writes to this register have no effect. 
Address Offset: 00h-O1h 
Default Value: 8086h 
Attribute: Read Only 


Size: 16 bits 


Vendor Identification Number (RO) 


290477-4 


Figure 3-1. Vendor Identification Register 


Table 3-2. Vendor Identification Register 
Description 
15:0 | VENDOR IDENTIFICATION NUMBER: This is a 16-bit value assigned to Intel. 


3.1.2 DID—DEVICE IDENTIFICATION The DID Register contains the device identification 
REGISTER number. This register, along with the VID Register, 

| define the PCEB. Writes to this register have no ef- 

Register Name: Device Identification fect. 

Address Offset: 02h-03h 

Default Value: 0482h 

Attribute: Read Only 

Size: 16 bits 


Default 


Device Identification Number (RO) 
290477-5 


Figure 3-2. Device Identification Register 


Table 3-3. Device Identification Register 


Description | 


DEVICE IDENTIFICATION NUMBER: This is a 16-bit value assigned to the PCEB. 
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3.1.3 PCICMD—PCI COMMAND REGISTER 


Register Name: PCI Command 
Address Offset: 04h-05h 
Default Value: 0007h ; 
Attribute: _ Read/Write 
Size: 16 bits 


Reserved 


SERRE(RO) 
Not Supported 


Wait State Control (RO) 
Not Supported 


Parity Error Enable (R/W) 
1=Enabled 
O=Disabled 


VGA Palette Snoop (RO) 
Not Supported 


15 2 6, *F & & A&A 8 2-1. -B 
i ee COCO TOME: 


This 16-bit register contains PCI interface control in- 
formation. This register enables/disables PCI parity 
error checking, enables/disables PCEB bus master 
capability, and enables/disables the PCEB to re- 
spond to PCl-originated memory and |/O cycles. 
Note that, for certain PCI functions that are not im- 
plemented within the PCEB, the control bits are still 
shown ( labeled “not supported’’). 


I/O Space Enable (R/W) 
1=Enabled 
0=Disabled 


Memory Space Enable (R/W) 
1=Enabled 
0=Disabled 


Bus Master Enable (R/W) 
1=Enabled 
0=Disabled 


Special Cycle Enable (RO) 
Not Supported 


Memory Write and invalidate Enable (RO) 
Not Supported 
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Figure 3-3. PC| Command Register 
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Table 3-4. PC! Command Register 


SERR # ENABLE (SERRE)—NOT SUPPORTED: Function of this bit is to control the SERR # 
signal. Since the PCEB does not implement the SERR # signal, this bit always reads as 0 
(disabled). 


WAIT STATE CONTROL (WSC)—NOT SUPPORTED: This bit controls insertion of wait-states for 
devices that do not meet the 33-10 PCI specification. Since PCEB meets the 33-10 specification, 
this control function is not implemented. WSC is always read as 0. 


PARITY ERROR ENABLE (PERRE): PERRE controls the PCEB’s response to PCI parity errors. 
When PERRE = 1, the PCEB asserts the PERR# signal when a parity error is detected. When 
PERRE = 0, the PCEB ignores any parity errors that it detects. After PCIRST#, PERRE = 0 
(parity checking disabled). 


VGA PALETTE SNOOP (VGPS)—NOT SUPPORTED: This bit is intended only for specific control 
of PCl-based VGA devices and it is not applicable to the PCEB. This bit is not implemented and 
always reads as 0. 


MEMORY WRITE AND INVALIDATE ENABLE (MWIE)—NOT SUPPORTED: This is an enable 
bit for using the Memory Write and Invalidate command. The PCEB doesn’t support this command 
as a master. As a slave, the PCEB aliases this command to a memory write. This bit always reads 

as 0 (disabled). 


SPECIAL CYCLE ENABLE (SCE)—NOT SUPPORTED: Since this capability is not implemented, 
the PCEB does not respond to any type of special cycle. This bit always reads as 0. 


BUS MASTER ENABLE (BME): BME enables/disables the PCEB’s PCI Bus master capability. 
When BME = 0, the PCEB bus master capability is disabled. This prevents the PCEB from 
requesting the PCI Bus on behalf of EISA/ISA masters, the DMA, or the Line Buffers. When 
BME = 1, the bus master capability is enabled. This bit is set to 1 after PCIRST #. 


MEMORY SPACE ENABLE (MSE): This bit enables the PCEB to accept PCl-originated memory 
cycles. When MSE = 1, the PCEB responds to PCl-originated memory cycles to the EISA Bus. 
When MSE = 0, the PCEB does not respond to PCl-originated memory cycles to the EISA Bus 
(DEVSEL # is inhibited). This bit is set to 1 (enabled for BIOS access) after PCIRST #. 


1/O SPACE ENABLE (IOSE): This bit enables the PCEB to accept PCl-originated !/O cycles. 
When IOSE = 1, the PCEB responds to PCl-originated I/O cycles. When IOSE = 0, the PCEB 
does not respond to a PCI I/O cycle (DEVSEL # is inhibited), including |/O cycles bound for the 
EISA Bus. This bit is set to 1 (I/O space enabled) after PCIRST #. 
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3.1.4 PCISTS—PCI STATUS REGISTER 


Register Name: PCI Status 

Address Offset: 06h-07h 

Default Value: 0200h 

Attribute: Read Only, Read/Write Clear 
Size: 16 bits 


15 14 


13 12 11 


PES(R/WC) 
1=Parity error 
O=No parity error 


SERR# Status 
Not Supported 


Master Abort Status (R/WC) 
1=Master abort 
O=No master abort 


= 

intel. 
This 16-bit register provides status information for 
PCI Bus-related events. Some bits are read/write 
clear. These bits are set to 0 whenever the register 
is written, and the data in the corresponding bit loca- 
tion is 1 (R/WC). For example, to clear bit 12 and 
not affect any other bits, write the value 
0001__0000__0000__0000b to this register. Note 
that for certain PCI functions that are not implement- 
ed in the PCEB, the control bits are still shown (la- 
beled “not supported’’). 


Ww... 3 8 


Reserved 


DEVSEL# Timing Status (RO) 
Not Programmable 


Signaled Target Abort Status 
Not Supported 


Received Target Abort Status (R/WC) — 
1=Target abort , 
O=No target abort 
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Figure 3-4. PCl Status Register 


Table 3-5. PCI Status Register 


| Bit Description 


PARITY ERROR STATUS (PERRS): This bit is set to 1 whenever the PCEB detects a parity error, 
even if parity error handling is disabled (as controlled by bit 6 in the PCI Command Register). 
Software sets PERRS to 0 by writing a 1 to this bit location. 


SERR # STATUS (SERRS)—NOT IMPLEMENTED: This bit is used to indicate that a PCI device 


0. 


asserted the SERR# signal. The PCEB does not implement this signal. SERRS is always read as 


MASTER ABORT STATUS (MA): When the PCEB, as a master, generates a master abort, this bit 
is set to 1. Software sets MA to 0 by writing a 1 to this bit location. 


RECEIVED TARGET ABORT STATUS (RTAS): When the PCEB, as a master, receives a target 


abort condition, this bit is set to 1. Software sets RTAS to 0 by writing a 1 to this bit location. 


SIGNALED TARGET ABORT STATUS (STAS)—NOT IMPLEMENTED: This bit is set to 1 by a 
PCI target device when they generate a Target Abort. Since the PCEB never generates a target 
abort, this bit is not implemented and will always be read as a 0. 


DEVSEL TIMING STATUS (DEVT): This read only field indicates the timing of the DEVSEL# 
signal when PCEB responds as a target. The PCI Specification defines three allowable timings for 
assertion of DEVSEL#: 00b = fast, 01b = medium, and 10b = slow (11b is reserved). DEVT 
indicates the slowest time that a device asserts DEVSEL # for any bus command, except 
configuration read and configuration write cycles. The PCEB implements medium speed DEVSEL # 
timing and, therefore, DEVT[10:9] = 01 when read. 
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3.1.5 RID—REVISION IDENTIFICATION This 8-bit register contains the device revision num- 

REGISTER ber of the PCEB. Writes to this register have no ef- 
fect. 

Register Name: Revision Identification 

Address Offset: 08h 

Default Value: Revision Identification number 

Attribute: Read Only 

Size: 8 bits 


Revision Number Default 


Revision Identification Number (RO) 
290477-8 


Figure 3-5. Revision Identification Register 


Table 3-6. Revision Identification Register 


Bit | Description 
REVISION IDENTIFICATION NUMBER: This 8-bit value is the revision number of the PCEB. 
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3.1.6 MLT—MASTER LATENCY TIMER 


REGISTER 
Register Name: Master Latency Timer 
Address Offset: ODh 
Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


y 
intel. 


This 8-bit register contains the programmable value 
of the Master Latency Timer for use when the PCEB 
is a master on the PCl Bus. The granularity of the 
timer is 8 PCI clocks. Thus, bits [2:0] are not used 
and always read as Os. 


Reserved 


Latency Timer Count Value (R/W) 
290477-9 


Figure 3-6. Master Latency Timer Register 


Table 3-7. Master Latency Timer Register 


COUNT VALUE: This 5-bit field contains the count value of the Master Latency Timer, with a 
granularity of 8 PCI clocks. For example, value 00101b provides a time-out period of 5x8 = 40 PCI 


clocks. Maximum count value is 11111b, which corresponds to 248 PCI clocks. After PCIRST #, 
the default value of these bits is OOO0Ob. 


1-448 


intel P Ne 82375EB 


3.1.7 PCICON—PCI CONTROL REGISTER This 8-bit register enables/disables the PCEB’s data 
buffers, defines the subtractive decoding sample 

Register Name: PCI Control point, and enables/disables response to the PCI in- 

Address Offset: 40h terrupt acknowledge cycle. 

Default Value: 00h 

Attribute: Read/Write NOTE: 

Size: 8 bits The Line Buffers and Posted Write Buffers are typi- 


cally enabled or disabled during system initializa- 
tion. These buffers should not be dynamically 
enabled/disabled during runtime. Otherwise, data 
coherency can be affected, if a buffer containing 
valid write data is disabled and then, later, re- 
enabled. 


Reserved 


EISA-to-PCI Line Buffers (R/W) PCI Posted Write Buffers Enable (R/W) 
1=Enabled 1=Enabled 


0=Disabled O=Disabled 


Interrupt Acknowledge Decode Control (R/W) Subtractive Decoding Sample Point (R/W) 
1=Positive 0 0 = Slow sample point 
0=Subtractive _ 0 1= Typical sample point 

1 0 = Fast sample point 

1 1 = Reserved 
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Figure 3-7. PC! Control Register 
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Table 3-8. PCi Control Register 


EISA-TO-PCI LINE BUFFER ENABLE (ELBE): When ELBE = 0, the EISA-to-PCI Line Buffers are 
disabled and when ELBE = 1, the EISA-to-PCI Line Buffers are enabled. After PCIRST #, the Line 
Buffers are disabled (ELBE = 0). 


INTERRUPT ACKNOWLEDGE DECODE CONTROL: When this bit = 0, interrupt acknowledge 
cycles are handled in a subtractive decode manner. That is, the PCEB will wait until the DEVSEL # 
sample point after which, if DEVSEL# is sampled inactive, the interrupt acknowledge cycle is 
handled in the normal fashion (i.e., uses the PEREQ#/INTA# signal to fetch the vector from the 
ESC). 


When this bit = 1, the PCEB positively decodes the interrupt sali al cycle, and does not wait 
for the DEVSEL# sample point. 


After PCIRST #, this bit = 0 (interrupt acknowledge subtractively decoded). 


SUBTRACTIVE DECODING SAMPLE POINT (SDSP): The SDSP field determines the DEVSEL # 
sample point, after which an inactive DEVSEL# results in the PCEB forwarding the unclaimed PCI 
cycle to the EISA Bus (subtractive decoding). This setting should match the slowest device in the 
system. When the MEMCS # function is enabled, MEMCS# is sampled as well as an early 
indication of an eventual DEVSEL #. 


Bit4 Bit3 Operation 
0 0 Slow sample point - default value 
0 1 Typical sample point 
1 0 Fast sample point 
Reserved combination 


PCI POSTED WRITE BUFFER ENABLE (PPBE): When PPBE = 1, the PCI Posted Write Buffers 


are enabled. When PPBE = 0, the PCI Posted Write Buffers are disabled. After PCIRST #, the PCI 
Posted Write Buffers are disabled (PPBE = 0). 


3.1.8 ARBCON—PCI ARBITER CONTROL This register controls the operation of the PCEB’s 

REGISTER internal PCI arbiter. The register enables/disables 
auto-PEREQ#, controls the master retry timer, en- 

Register Name: PCI Arbiter Control ables/disables CPU bus parking, controls bus lock, 

Address Offset: 4th and enables/disables the guaranteed access time 

Default Value: 80h (GAT) mode for EISA/ISA accesses. 

Attribute: Read/Write 

Size: 8 bits 


Auto-PEREQ# Control (R/W) Guaranteed Access Time (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


Reserved Bus Lock (R/W) 
1=Bus lock enabled 
Master Retry Timer (R/W) 0=Resource lock enabled 
0 O = Timer disabled 
0 1 = Unmasked after 16 PCICLKs Bus Park (R/W) 
1 0 = Unmasked after 32 PCICLKs  1=CPU Parked on PCI 
1 1 = Unmasked after 64 PCICLKs 0=Parking disabled 
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Figure 3-8. PCI Arbiter Control Register 
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Table 3-9. PCi Arbiter Control Register 


AUTO-PEREQ# CONTROL (APC): APC enables/disables control of the auto-PEREQ # function 
when GAT mode is enabled via bitO (GAT = 1). When APC = 1 (and GAT = 1), the PEREQ# 
signal is asserted whenever the EISAHLDA signal is asserted. When APC = 0, the PEREQ# signal 
is not automatically asserted but it will be activated upon PCI Bus request from any PCI agent. After 
PCIRST #, APC = 1 (enabled). See note below. 


MASTER RETRY TIMER (MRT): This 2-bit field determines the number of PCICLKs after the first 
retry that a PCI initiator’s bus request will be masked. 


Bit4 Bit3 Operation 
0 0 Timer disabled, Retries never masked—Default 
0 1 Retries unmasked after 16 PCICLK’s 
1 0 Retries unmasked after 32 PCICLK’s 
1 1 Retries unmasked after 64 PCICLK’s 


BUS PARK (BP): When BP = 1, the PCEB parks CPUREQ# on the PCI Bus when it detects the 
PCI Bus idle. lf BP = 0, the PCEB takes responsibility for driving AD, C/BE# and PAR signals upon 
detection of bus idle state, if the internal arbiter is enabled. After PCIRST #, BP = 0 (disabled). 


BUS LOCK (BL): When BL = 1, Bus Lock is enabled. The arbiter considers the entire PCI Bus 
locked upon initiation of any LOCKed transaction. When BL = 0, Resource Lock is enabled. A 
LOCKed agent is considered a locked resource and other agents may continue normal PCI 
transactions. After PCIRST #, BL = 0 (disabled). 


GUARANTEED ACCESS TIME (GAT): When GAT = 1, the PCEB is configured for Guaranteed 
Access Time mode. This mode guarantees the 2.1 4s CHRDY time-out specification for the 
EISA/ISA Bus. When the PCEB is a PCI initiator on behalf of an EISA/ISA master, the PCI and main 
memory bus (host) are arbitrated for in serial and must be owned before the EISA/ISA master is 
given ownership of the EISA Bus. If the PCEB is not programmed for Guaranteed Access Time 

(GAT = 0), the EISA/ISA master is first granted the EISA Bus, before the PCI Bus is arbitrated. After 
a PCIRST #, GAT = 0 (disabled). 


NOTE: 

The PCMC Host bridge device requires that bit 7 be set to 1 (default). However, other chip sets might need to have this 
function disabled to provide more optimum performance for EISA subsystems. This functionality is built-in to prevent starva- 
tion of PCI agents (in particular, the host bridge, i.e., CPU) when EISA masters are performing transactions in the GAT 
mode. If this function is disabled, the host bridge must be capable of generating the PCl Bus request, even when the Host 
Bus is not controlled by the CPU (CPU tri-stated all Host Bus signals, or even only address bus, in response to 
HOLD/AHOLD). The CPU pin that provides an indication of a request for the external bus (e.g., after cache miss) can be 
used by the host bridge to generate the request for the PCI Bus during GAT mode operations, even when no address lines 
are driven by the CPU. 
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3.1.9 ARBPRIX—PCi ARBITER PRIORITY 
CONTROL EXTENSION REGISTER 


Register Name: PCI Arbiter Priority Control 
Extension 

Address Offset: 43h 

Default Value: 00h 

Attribute: Read/Write 

Size: 8 bits 


Reserved 


This register controls the Fixed Priority Mode for 
Bank 3 of the PCEB’s Internal arbiter. This register is 
used in conjunction with the PCI Arbiter Priority Con- 
trol Register (ARBPRI, offset 42h). 


Bank 3 Fixed Priority Mode Select 
1 = REQ2# > REQI# 


0 = REQ1I# > REQ2# 
290477-99 


Figure 3-9. PCI Arbiter Priority Control Extension Register 


Table 3-10. PCi Arbiter Priority Control Register 


} Bit Description 
7:1 | RESERVED. 


iar BANK 3 FIXED PRIORITY MODE SELECT: 0 = REQ1 # higher priority; 1 = REQ2# higher 
priority. 
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3.1.10 ARBPRI—PCI ARBITER PRIORITY This register controls the operating modes of the 

CONTROL REGISTER PCEB’s internal PCI arbiter. The arbiter consists of 

four arbitration banks that support up to six masters 

Register Name: PCI Arbiter Priority Control and three arbitration priority modes—fixed priority, 

Address Offset: 42h rotating priority and mixed priority modes. See Sec- 

Default Value: 04h tion 5.4, PC! Bus Arbitration for details on program- 
Alay Read/Write ming and using different arbitration modes. 

ize: 8 bits 


Bank 3 Rotate Control (R/W) Bank 0 Fixed Priority Mode Select (R/W) 
1=Enabled 1=REQO0# > PCEBREQ# 
O=Disabled © 0=PCEBREQ# > REQO# 


Bank 2 Rotate Control (R/W) Bank 1 Fixed Priority Mode Select (R/W) 
1=Enabled 1=REQ3# > CPUREQ# 
0=Disabled 0=CPUREQ# > REQ3# 


Bank 1 Rotate Control (R/W) 
1=Enabled Bank 2 Fixed Priority Mode Select (R/W) 


0=Disabled ba 

0 0 = Bank O > Bank 3 > Bank1 
1 0 = Bank 3 > Bank 1 > Bank 0 
0 1 = Bank 1 > Bank 0 > Bank 3 
1 1 = Reserved 


Bank 0 Rotate Control (R/W) 
1=Enabled 
0=Disabled 
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Figure 3-10. PCI Arbiter Priority Control Register 


Table 3-11. PCi Arbiter Priority Control Register 


Bit | Description 
Bank 3 Rotate Control 
Le Bank 2 Rotate Control 


Bank 1 Rotate Control 
4 Bank 0 Rotate Control 


| 3:2 | Bank 2 Fixed Priority Mode Select—b,a ' 
Bank 1 Fixed Priority Mode Select 


/0 | Bank 0 Fixed Priority Mode Select 


1-453 


, : | | . | 
82375EB | intel. 


3.1.11 MCSCON—MEMCS# CONTROL for two main memory regions (the 512 KByte- 
REGISTER 640 KByte region and an upper BIOS region). PCI 

| 3 accesses within the enabled regions result in the 

Register Name: MEMCS # Control generation of MEMCS #. Note that the 0-512 KByte 
Address Offset: 44h region does not have RE and WE attribute bits. The 
Default Value: 00h 0-512 KByte region can only be disabled with the 
Attribute: Read/Write MEMCS# Master Enable bit (bit 4). Note also, that 
Size: 8 bits when the RE and WE bits are both 0 for a particular 


region, the PCI master can not access the corre- 
The MCSCON Register provides the master enable sponding region in main memory (MEMCS # is not 
for generating MEMCS #. This register also provides generated for either reads or writes). 
read enable (RE) and write enable (WE) attributes 


Read Enable For 080000h-09FFFF (R/W) 
(512 KByte - 640 KByte) 


MEMCS¢# Master Enable (R/W) beet 
1=Enabled ‘ 


0=Disabled Write Enable For 080000h-O9FFFF (R/W) 


(512 KByte - 640 KByte) 
Write Enable For OFO000h-OFFFFF (R/W) 1=Enabled 


(Upper 64 KBytes BIOS) O=Disabled 
1=Enabled 
0=Disabled 


Read Enable For OFO0000h-OFFFFF (R/W) 
(Upper 64 KBytes BIOS) 

1=Enabled 

0=Disabled 
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Figure 3-11. MEMCS# Control Register 
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Table 3-12. MEMCS# Control Register 


3.1.12 MCSBOH—MEMCS# BOTTOM OF HOLE 
REGISTER 


Register Name: MEMCS # Bottom of Hole 
Address Offset: 45h 


Default Value: 10h 
Attribute: Read/Write 
Size: 8 bits 


This register defines the bottom of the MEMCS# 
hole. MEMCS # is not generated for accesses to ad- 
dresses within the hole defined by this register and 
the MCSTOH Register. The hole is defined by the 
following equation: TOH = address = BOH. TOH is 
the top of the MEMCS# hole defined by the 
MCSTOH Register and BOH is the bottom of the 
MEMCS # hole defined by this register. 


me ee ee ee ee 
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MEMCS # MASTER ENABLE: When bit 4 = 1, the PCEB asserts MEMCS # for all accesses to the 
defined MEMCS # region (as defined by the MCSTOM Register and excluding the memory hole 
defined by the MCSBOH and MCSTOH Registers), if the accessed location is in a region enabled by 
bits [3:0] of this register or in the regions defined by the MAR1, MAR2, and MAR3 registers. When 
bit 4 = 0, the entire MEMCS # function is disabled and MEMCS # is never asserted. 


WRITE ENABLE FOR OFO000h-OFFFFFh (UPPER 64 KBYTE BIOS): When bit 3 = 1, the PCEB 
generates MEMCS # for PCI master memory write accesses to the address range OFO000h- 
OFFFFFh. When bit 3 = 0, the PCEB does not generate MEMCS # for PCI master memory write 
accesses to the address range OFOOOOh-OFFFFFh. 


READ ENABLE FOR OF0000h-OFFFFFh (UPPER 64 KBYTE BIOS): When bit 2 = 1, the PCEB 
generates MEMCS # for PCI master memory read accesses to the address range OFOOOOh- 
OFFFFFh. When bit 2 = 0, the PCEB does not generate MEMCS # for PCI master memory read 
accesses to the address range OFOOOOh-OFFFFFh. 


WRITE ENABLE FOR 080000h-09FFFFh (512 KBYTE-640 KBYTE): When bit 1 = 1, the PCEB 
generates MEMCS # for PCI master memory write accesses to the address range 080000h- 
OO9FFFFh. When bit 1 = 0, the PCEB does not generate MEMCS # for PC] master memory write 
accesses to the address range 080000h—O09FFFFh. 


READ ENABLE FOR 080000h-09FFFFh (512 KBYTE-640 KBYTE): When bit 0 = 1, the PCEB 
generates MEMCS # for PCI master memory read accesses to the address range 080000h- 
O9FFFFh. When bit 0 = 0, the PCEB does not generate MEMCS # for PCI master memory read 
accesses to the address range O80000h-O9FFFFh. 


For example, to program the BOH at 1 MByte, the 
value of 10h should be written to this register. To 
program the BOH at 2 MByte + 64 KByte this regis- 
ter should be programmed to 21h. To program the 
BOH at 8 MByte this register should be programmed 
to 80h. 


When the TOH < BOH the hole is disabled. If 
TOH = BOH, the hole size is 64 KBytes. It is the 
responsibility of the programmer to guarantee that 
the BOH is at or above 1 MB. AD[31:24] must be 0’s 
for the hole, meaning the hole is restricted to be 
under the 16 MByte boundary. The default value for 
the BOH and TOH disables the hole. 


Bit 


PCI Address AD[23:16] Default 


Bottom of MEMCS# Hole (R/W) 
290477-14 


Figure 3-12. MEMCS# Bottom of Hole Register 
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Table 3-13. MEMCS# Bottom of Hole Register 


3.1.13 MCSTOH—MEMCS# TOP OF HOLE 
REGISTER 


Register Name: MEMCS # Top of Hole 
Address Offset: 46h 


Default Value: OFh 
Attribute: Read/Write 
Size: 8 bits 


This register defines the top of the MEMCS# hole. 
MEMCS # is not generated for accesses to address- 
es within the hole defined by this register and the 
MCSBOH Register. The hole is defined by the fol- 
lowing equation: TOH = address = BOH. TOH is 
the top of the MEMCS # hole defined by this register 
and BOH is the bottom of the MEMCS# hole de- 
fined by the MCSBOH Register. 


Description 
BOTTOM OF MEMCS# HOLE: Bits [7:0] correspond to address lines AD[23:16], respectively. 


For example, to program the TOH at 1 MByte + 
64 KByte, this register should be programmed to 
10h. To program the TOH at 2 MByte + 128 KByte 
this register should be programmed to 21h. To pro- 
gram the TOH at 12 MByte this register should be 
programmed to BFh. 


When the TOH < BOH the hole is disabled. If 
TOH = BOH, the hole size is 64 KBytes. It is the 
responsibility of the programmer to guarantee that 
the TOH is above 1 MByte. AD[31:24] must be 0’s 
for the hole, meaning the hole is restricted to be 
under the 16 MByte boundary. The default value for 
the BOH and TOH disables the hole. 


Bit 


PCI Address AD[23:16] Default 


Top of MEMCS# Hole (R/W) 
290477-15 


Figure 3-13. MEMCS# Top of Hole Register 


Table 3-14. MEMCS# Top of Hole Register 
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Description 
TOP OF MEMCS# HOLE: Bits [7:0] correspond to address lines AD[23:16], respectively. 
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3.1.14 MCSTOM—MEMCS# TOP OF MEMORY This register determines MEMCS# top of memory 


REGISTER boundary. The top of memory boundary ranges from 

2 MBytes-1 to 512 MBytes-1, in 2 MByte increments. 

Register Name: MEMCS# Top of Memory This register is typically set to the top of main memo- 
Address Offset: 47h ry. Accesses = 1 MByte and < top of memory 
Default Value: 00h boundary results in the assertion of the MEMCS# 
Attribute: Read/Write signal (unless the address resides in the hole pro- 
Size: 8 bits grammed via the MCSBOH and MCSTOH Regis- 


ters). A value of OOh sets top of memory at 
2 MBytes-1 (including the 2 MByte-1 address). A val- 
ue of FFh sets the top of memory at 512 MByte-1 
(including the 512 MByte-1 address). 


rg : 0 
PCI Address AD[28:21] Default 


Top of MEMCS# Memory Boundary (R/W) 
290477-16 


Figure 3-14. MEMCS# Top of Memory Register 


Table 3-15. MEMCS # Top of Memory Register 


} Bit Description 


7:0 | TOP OF MEMCS# MEMORY BOUNDARY: Bits [7:0] correspond to address lines AD[28:21], 
respectively. 
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3.1.15 EADCi—EISA ADDRESS DECODE This 16-bit register specifies EISA-to-PCl mapping of 
CONTROL 1 REGISTER the 0-1 MByte memory address range. For each bit 
position, the memory block is enabled if the corre- 

Register Name: EISA Address Decode Control 1 sponding bit = 1 and is disabled if the bit = 0. EISA 


Address Offset: 48h-49h or DMA memory cycles to the enabled blocks result 
Default Value: 0001h in the EISA cycle being forwarded to the PCI Bus. 
Attribute: Read/Write For disabled memory blocks, the EISA memory cy- 


Size: 16 bits cle is not forwarded to the PCI Bus. 


15° 4 13 12 T1 70, 3. 8 F 


e':' 8101/0401 28 10 R |01{0 1] 1 | Default 


880 KB - 896 KB (R/W) 0 - 512 KB (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


864 KB - 880 KB (R/W) 512 KB - 640 KB (R/W) 
1=Enabled 1=Enabled 
0=Disabled : 0=Disabled 


848 KB - 864 KB (R/W) 640 KB - 768 KB (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


832 KB - 848 KB (R/W) 3 Reserved 
1=Enabled 
0=Disabled 


816 KB - 832 KB (R/W) 768 KB - 784 KB (R/W) 


1=Enabled 
1=Enabled 
0=Disabled 0=Disabled 


800 KB - 816 KB (R/W) 784 KB - 800 KB (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 
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Figure 3-15. EISA Address Decode Control 1 Register 
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Table 3-16. EISA Address Decode Control 1 Register 


880 KBYTES-896 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


864 KBYTES-880 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


848 KBTES-864 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


832 KBTES-848 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


816 KBTES-832 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


800 KBTES-816 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 


enabled when this bit is 1 and disabled when this bit is 0. 


784 KBTES-800 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


768 KBTES-784 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


7:3 | RESERVED. 


640 KBTES-768 KBYTES VGA MEMORY ENABLE: EISA-to-PCl mapping for this memory space 
is enabled when this bit is 1 and disabled when this bit is 0. 


512 KBTES-640 KBYTES MEMORY ENABLE: EISA-to-PCl mapping for this memory space is 
enabled when this bit is 1 and disabled when this bit is 0. 


0-512 KBYTES MEMORY ENABLE: EISA-to-PC! mapping for this memory space is enabled when 
this bit is 1 and disabled when this bit is 0. 


The I/O recovery mechanism in the PCEB is used to 
add recovery delay between PCl-originated 8-bit and 
16-bit |1/O cycles to ISA devices. The delay is mea- 
sured from the rising edge of the EISA command 
signal (CMD #) to the falling edge of the next EISA 


3.1.16 lIORT—ISA I/O RECOVERY TIMER 
REGISTER 


Register Name: ISA |/O Recovery Time 
Address Offset: 4Ch 


Default Value: 56h command. The delay is equal to the number of EISA 
Attribute: Read/Write Bus clocks (BCLKs) that correspond to the value 
Size: 8 bits contained in bits [1:0] for 16-bit |1/O devices and in 


bits [5:3] for 8-bit |/O devices. Note that no addition- 
al delay is inserted for back-to-back I/O ‘‘sub-cy- 
cles” generated as a result of byte assembly or dis- 


The |/O recovery logic is used to guarantee a mini- 
mum amount of time between back-to-back 8-bit 


and 16-bit PCl-to-ISA |/O slave accesses. These 
minimum times are programmable. 


assembly. This register defaults to 8-bit and 16-bit 
recovery enabled with two clocks of I/O recovery. 
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Default 


Reserved 16-Bit I/O Recovery Times (R/W) 
01=1BCLK 
8-Bit /O Recovery Enable (R/W) 10=2 BCLKs 
1=Enabled 11=3 BCLKs 
0=Disabled 00=4 BCLKs 


8-Bit /O Recovery Times (R/W) 
001=1BCLK 
010=2BCLKs 
011=3BCLKs 
100=4BCLKs 

101=5 BCLKs 

110=6 BCLKs 
111=7BCLKs 

000=8 BCLKs 


16-Bit /O Recovery Enable (R/W) 
1=Enabled 
0=Disabled 


290477-18 


Figure 3-16. ISA Controller Recovery Timer Register 
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Table 3-17. ISA Controller Recovery Timer Register 


Description 


RESERVED. 


8-BIT 1/O RECOVERY ENABLE: This bit enables the recovery times programmed into bits 0 and 1 
of this register. When this bit is set to 1, the recovery times shown for bits 5-3 are enabled. When 
this bit is set to 0, recovery times are disabled. 


8-BIT I/O RECOVERY TIMES: This 3-bit field defines the recovery times for 8-bit I/O. 
Programmable delays between back-to-back 8-bit PCI cycles to ISA I/O slaves is shown in terms of 
EISA clock cycles (BCLK). The selected delay programmed into this field is enabled/disabled via bit 


6 of this register. 


BitS Bit4 Bit3 BCLK 


0 
0 
0 
1 
1 
1 
1 


0 


16-BIT I/O RECOVERY ENABLE: This bit enables the recovery times programmed into bits 0 and 
1 of this register. When this bit is set to 1, the recovery times shown for bits 0 and 1 are enabled. 
When this bit is set to 0, recovery times are disabled. 


16-BIT I/O RECOVERY TIMES: This 2-bit field defines the Recovery time for 16-bit I/O. 
Programmable delays between back-to-back 16-bit PCI cycles to ISA I/O slaves is shown in terms 
of EISA clock cycles (BCLK). The selected delay programmed into this field is enabled/disabled via 


bit 2 of this register. 


Bit1 Bito BCLK 


0 
, 
, 
0 


3.1.17 MARi—MEMCS# ATTRIBUTE 
REGISTER #1 


Register Name: MEMCS # Attribute Register #1 
Address Offset: 54h 


Default Value: OOh 
Attribute: Read/Write 
Size: 8 bits 


RE—Read Enable. When the RE bit (bit 6, 4, 2, 0) is 
set to a 1, the PCEB generates MEMCS# for PCI 
master, DMA, or EISA master memory read access- 
es to the corresponding segment in main memory. 
When the RE bit is set to a 0, the PCEB does not 
generate MEMCS# for PCi master, DMA, or EISA 
master memory read accesses to the corresponding 
segment. When the RE and WE bits are both 0 (or 


bit 4 in the MEMCS# Control Register is set to a 
0 - disabled), the PCI master, DMA, or EISA master 
can not access the corresponding segment in main 
memory. 


WE—Write Enable. When the WE bit (bit 7, 5, 3, 1) 
is set to a 1, the PCEB generates MEMCS # for PCI 
master, DMA, or EISA master memory write access- 
es to the corresponding segment in main memory. 
When this bit is set to a 0, the PCEB does not gener- 
ate MEMCS# for PCI master, DMA, or EISA master 
memory write accesses to the corresponding seg- 
ment. When the RE and WE bits are both 0 (or bit 4 
in the MEMCS# Control Register is set to a 
0 - disabled), the PCI master, DMA, or EISA master 
can not access the corresponding segment in main 
memory. 
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Bit 


, m:.o <S38. 2 te 
DODDODOOKT.. 


O0CCO000h-OCFFFFh: WE (R/W) 0C0000h-0C3FFFh: RE (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


O0CCO000h-OCFFFFh: RE (R/W) } 0C0000h-0C3FFFh: WE (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


0C8000h-0CBFFFh: WE (R/W) 0C4000h-0C7FFFh: RE (R/W) 
1=Enabled 1=Enabled 
0=Disabled 0=Disabled 


0C8000h-0CBFFFh: RE (R/W) — 0C4000h-0C7FFFh: WE (R/W) 
41=Enabled 1=Enabled 
0=Disabled 0=Disabled 
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Figure 3-17. MEMCS# Attribute Register # 1 


Table 3-18. MEMCS# Attribute Register # 1 
OCCOOOh-OCFFFFh Add-on BIOS: WE 
OCCOOOh-OCFFFFh Add-on BIOS: RE 
OC8000h-OCBFFFh Add-on BIOS: WE 


a 
zn 
| 4 | 0C8000h-OCBFFFh Add-on BIOS: RE 
£e 
2 | 
psa 


| Bit 


0C4000h-0C7FFFh Add-on BIOS: WE 
0C4000h-0C7FFFh Add-on BIOS: RE 
1 OCO000h-O0C3FFFh Add-on BIOS: WE 


| 0 | 0C0000h-O0C3FFFh Add-on BIOS: RE 
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3.1.18 MAR2—MEMCS# ATTRIBUTE 
REGISTER #2 


Register Name: MEMCS # Attribute Register #2 
Address Offset: 55h 


Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits - 


RE—Read Enable. When the RE bit (bit 6, 4, 2, 0) is 
set to a 1, the PCEB generates MEMCS# for PCI 
master, DMA, or EISA master memory read access- 
es to the corresponding segment in main memory. 
When this bit is set to a 0, the PCEB does not gener- 
ate MEMCS# for PCI master, DMA, or EISA master 
memory read accesses to the corresponding seg- 
ment. When the RE and WE bits are both 0 (or bit 4 


ODCO00h-ODFFFFh: WE (R/W) 
1=Enabled 
0=Disabled 


ODCO000h-ODFFFFh: RE (R/W) 
1=Enabled 
0=Disabled 


0D8000h-ODBFFFh: WE (R/W) 
1=Enabled 
0=Disabled 


0D8000h-0DBFFFh: RE (R/W) 
1=Enabled 
0=Disabled 
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in the MEMCS# Control Register is set to a 
0 - disabled), the PCi master, DMA, or EISA master 
can not access the corresponding segment in main 
memory. 


WE—Write Enable. When the WE bit (bit 7, 5, 3, 1) 
is set to a 1, the PCEB generates MEMCS # for PCI 
master, DMA, or EISA master memory write access- 
es to the corresponding segment in main memory. 
When this bit is set to a 0, the PCEB does not gener- 
ate MEMCS# for PCI master, DMA, or EISA master 
memory write accesses to the corresponding seg- 
ment. When the RE and WE bits are both 0 (or bit 4 
in the MEMCS# Control Register is set to a 0 - dis- 
abled), the PCI master, DMA, or EISA master can 
not access the corresponding segment in main 
memory. 


0D0000h-0D3FFFh: RE (R/W) 
1=Enabled 
0=Disabled 


0D0000h-0D3FFFh: WE (R/W) 
1=Enabled 
0=Disabled 


0D4000h-0D7FFFh: RE (R/W) 
1=Enabled 
0=Disabled 


0D4000h-0D7FFFh: WE (R/W) 
1=Enabled 
0=Disabled 
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Figure 3-18. MEMCS# Attribute Register #2 


Table 3-19. MEMCS# Attribute Register #2 


Bit 


ODCOOOh-ODFFFFh Add-on BIOS: RE 
OD8000h-ODBFFFh Add-on BIOS: WE 
OD8000h-ODBFFFh Add-on BIOS: RE 
0D4000h-0D7FFFh Add-on BIOS: WE 
0D4000h-0D7FFFh Add-on BIOS: RE 


. Description 


ODCOOOh-ODFFFFh Add-on BIOS: WE : 


1 | 0D0000h-0D3FFFh Add-on BIOS: WE 
| 0 | OD0000h-OD3FFFh Add-on BIOS: RE 
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3.1.19 MAR3—MEMCS# ATTRIBUTE 
REGISTER #3 


Register Name: MEMCS # Attribute Register #3 
Address Offset: 56h 


Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


RE—Read Enable. When the RE bit (bit 6, 4, 2, 0) is 
set to a 1, the PCEB generates MEMCS# for PCI 
master, DMA, EISA master memory read accesses 
to the corresponding segment in main memory. 
When this bit is set to a 0, the PCEB does not gener- 
ate MEMCS # for PCI master, DMA, or EISA master 
memory read accesses to the corresponding seg- 


OECOOOh-OEFFFFh: WE (R/W) 
1=Enabled 
0=Disabled 


OECOOOh-OEFFFFh: RE (R/W) 
1=Enabied 
0=Disabled 


0E8000h-0EBFFFh: WE (R/W) 
1=Enabled 
0=Disabled 


0E8000h-0OEBFFFh: RE (R/W) 
1=Enabled 
0=Disabled 


intel. 


ment. When the RE and WE bits are both 0 (or bit 4 
in the MEMCS# Control Register is set to a 0 - dis- 
abled), the PCI master can not access the corre- 
sponding segment in main memory. 


WE—wWrite Enable. When the WE bit (bit 7, 5, 3, 1) 
is set to a 1, the PCEB generates MEMCS# for PCI 
master, DMA, EISA master memory write accesses 
to the corresponding segment in main memory. 
When this bit is set to a 0, the PCEB does not gener- 
ate MEMCS# for PCI master, DMA, or EISA master 
memory write accesses to the corresponding seg- 
ment. When the RE and WE bits are both 0 (or bit 4 
in the MEMCS# Control Register is set to a 0 - dis- 
abled), the PCI master can not access the corre- 
sponding segment in main memory. 


OE0000h-0E3FFFh: RE (R/W) 
1=Enabled 
0=Disabled 


0E0000h-0E3FFFh: WE (R/W) 
1=Enabled 
0=Disabled 


0E4000h-0E7FFFh: RE (R/W) 
1=Enabled 
0=Disabled 


0E4000h-0E7FFFh: WE (R/W) 
1=Enabled 
0=Disabled 
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Figure 3-19. MEMCS# Attribute Register #3 


Table 3-20. MEMCS # Attribute Register #3 
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6 | O€0000h-OEFFFFH BIOS ExiensonsRE 
5 | o€6000n-OEBFFFHBIOS Extension WE SOSCSC~S~*~“~*~S~S 
[3 | 0€4000n-OE7FFFh BIOS Exension WE SSCSCSCS~“~S~S~S~S 
[2 | aes000n-0E7FFFh BIOS Exons RE 
[0 | e€c000n-0ESFFFh BIOS Extension: RE SSCSCS~S~“~S~S~S 
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3.1.20 PDCON—PCI DECODE CONTROL 


REGISTER 


Register Name: PCI Decode Control 
Address Offset: 58h 


Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


This register controls the mode of address decode 
(subtractive or negative) for memory cycles on the 
PCI Bus. This register is used to enable/disable pos- 
itive decode of PCI accesses to the IDE and 8259 
locations residing in the expansion bus subsystem. 


Subtractive Decoding 

PCl memory cycles that are not claimed on the PCI 
Bus (i.e., DEVSEL# inactive) are forwarded to the 
EISA Bus. This is the default on power up. 


8259 Decode Control (R/W) 
1=Positive decode enabled 
O=Positive decode disabled 
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Negative Decoding 

PCI memory cycles that are not mapped to one of 
the regions defined by A, B, or C below, are immedi- 
ately forwarded to the EISA Bus (i.e., without waiting 
for DEVSEL# time-out). PCl memory cycles that are 
decoded to one of the four programmable PCI mem- 
ory regions, but are not claimed (DEVSEL# negat- 
ed), are forwarded to the EISA Bus by subtractive 
decode. 


A. Main memory locations defined by the MEMCS # 
mapping (MCSCON, MCSBOH, MCSTOH, 
MCSTOM, MAR1, MAR2, and MAR3 Registers). 


B. The enabled Video Frame Buffer region, 
OAO000h-OBFFFFh (as indicated by bit 2 of the 
EADC1 Register). 


C. The four programmable PCI memory regions (de- 
find by the MEMREGN[4:1] registers. 


NOTE: 
If there are devices on the PCI that are not mapped 
into any of the regions defined by A, B, or C, then 
negative decoding can not be used. 


PCI Memory Address Decoding Mode (R/W) 
1=Negative decode selected 


0=Subtractive decode selected 


Reserved 


IDE Decode Control (R/W) 
1=Positive decode enabled 
0=Positive decode disabled 


290477-22 


Figure 3-20. PCi Decode Controi Register 
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Table 3-21. PCi Decode Control Register 


8259 DECODE CONTROL (8259DC): This bit enables/disables positive decode of 8259 locations 
0020h, 0021h, OOAOh and OOAth. When this bit is 1, positive decode for these locations are 
enabled. When this bit is 0, positive decode for these locations is disabled. After reset, this bit is 0. 
Note that if positive decode is disabled, these 8259 locations can still be accessed via subtractive 
decode. 


IDE DECODE CONTROL (IDEDC): This bit enables/disables positive decode of IDE locations 
1FOh-1F7h (primary) or 170h-177h (Secondary) and 3F6h, 3F7h (primary) or 376h, 377h 
(secondary). When IDEDC = 0, positive decode is disabled. When IDECD = 1, positive decode is 
enabled. After reset, this bit is 0. Note that if positive decode is disabled, these IDE locations can still 
be accessed via subtractive decode. 


PCI MEMORY ADDRESS DECODING MODE (PMAD): This bit selects between subtractive and 
negative decoding. When PMAD = 1, negative decoding is selected. When PMAD = 0, subtractive 
decoding is selected. After reset, this bit is 0. 


& 
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3.1.21 EADC2—EISA ADDRESS DECODER 


CONTROL EXTENSION REGISTER 


Register Name: EISA Address Decoder Control 


Extension 
Address Offset: 5Ah 
Default Value: OOh 
Attribute: Read/Write 
Size: 8 bits 


This register specifies EISA-to-PCl mapping for the 
896 KByte to 1 MByte memory address range 
(BIOS). If this memory block is enabled, EISA mem- 
ory accesses in this range will result in the EISA 


Reserved 


Top 64 KB of 16 MB Memory Enable (R/W) 
(FFOOOOh-FFFFFFh) 

1=Enabled ; 

0=Disabled 


960 KB - 1 MB Memory Enable (R/W) 
(OFO000h-OFFFFFh) 

1=Enabled 

0=Disabled 


944 KB - 960 KB Memory Enable (R/W) 
(OECOOOh-OEFFFFh) 

1=Enabled 

0=Disabled 
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cycles being forwarded to the PCI Bus. (Note that 
enabling this block is necessary if BIOS resides with- 
in the PCI and not within the EISA subsystem.) 


This register also defines mapping for the 16 MByte 
minus 64 KByte to 16 MByte memory address range. 
This mapping is important if the BIOS is aliased at 
the top 64 KBytes of 16 MBytes. If the region is en- 
abled and this address range is within the hole de- 
fined by the MCSBOH and MCSTOH Registers or 
above the top of main memory defined by the 
MCSTOM Register, the EISA cycle is forwarded to 
the PCI. 


896 KB - 912 KB Memory Enable (R/W) 
(OEQ000h-OE3FFFh) 

1=Enabled 

0=Disabled 


912 KB - 928 KB Memory Enable (R/W) 
(OE4000h-OE7FFFh) 

1=Enabled 

0=Disabled 


928 KB - 944 KB Memory Enable (R/W) 
(OE8000h-OEBFFFh) 

1=Enabled 

0=Disabled 
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Figure 3-21. EISA Address Decoder Control Extension Register 


Table 3-22. EISA Address Decoder Control Extension Register 


cS Description 


TOP 64 KBYTE OF 16 MBYTE MEMORY SPACE ENABLE (FFOOOOh-FFFFFFh): This memory 
block is enabled when this bit is 1 and disabled when this bit is 0. 


960 KBYTES-1 MBYTE MEMORY SPACE ENABLE (OFO000h-OFFFFFh): This memory block is 
enabled when this bit is 1 and disabled when this bit is 0. 


944 KBYTES-960 KBYTE MEMORY SPACE ENABLE (OECO00h-OEFFFFh): This memory block 


is enabled when this bit is 1 and disabled when this bit is 0. 


928 KBYTES-944 KBYTE MEMORY SPACE ENABLE (0E8000h-0EBFFFh): This memory block 
is enabled when this bit is 1 and disabled when this bit is 0. 


912 KBYTES-928 KBYTE MEMORY SPACE ENABLE (0E4000h-0E7FFFh): This memory block 
is enabled when this bit is 1 and disabled when this bit is 0. 


896 KBYTES-912 KBYTE MEMORY SPACE ENABLE (0E0000h-OE3FFFh): This memory block 
is enabled when this bit is 1 and disabled when this bit is 0. 
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3.1.22 EPMRA—EISA-TO-PC!| MEMORY 
REGION ATTRIBUTES REGISTER 


Register Name: EISA-to-PCIl Memory Region 


Attributes 
Address Offset: 5Ch 
Default Value: 00h 
Attribute: Read/Write 
Size: 8 bits 


This register defines buffering attributes for EISA ac- 
cesses to PCI memory regions specified by 
MEMREGNI[4:1] Registers. When an EPMRA bit is 1 
(and the Line Buffers are enabled via the PCICON 
Register), EISA accesses to the corresponding PCI 
memory region are performed in buffered mode. In 
buffered mode, read prefetching and write posting/ 
assembly are enabled. When an EPMRA bit is 0, 
EISA accesses to the corresponding PCI memory 


Reserved 


Region 4 Attribute (R/W) 
1=Buffered 
O=Non-buffered 


Region 3 Attribute (R/W) 
1=Buffered 
O=Non-buffered 


region are performed in non-buffered mode. In non- 
buffered mode, a buffer bypass path is used to com- 
plete the transaction. 


NOTE: 


1. Using buffered mode for EISA accesses to PCI 
memory regions that contain memory-mapped 
1/O devices can cause unintended side effects. In 
buffered mode, strong ordering is not preserved 
within a Dword. If the order of the writes to an I/O 
device is important, non-buffered mode should be 
used. Also, read-prefetch can cause unintended 
changes of status registers in the memory- 
mapped I/O device. 


2. The Line Buffers are typically enabled or disabled 
during system initialization. These buffers should 
not be dynamically enabled/disabled during run- 
time. Otherwise, data coherency can be affected 
if a buffer containing valid write data is disabled 
and then, later, re-enabled. 


Region 1 Attribute (R/W) 
1=Buffered 


O=Non-buffered 


Region 2 Attribute (R/W) 
1=Buffered 
O=Non-buffered 
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Figure 3-22. EISA-to-PCi Memory Region Attributes Register 


Table 3-23. EISA-to-PCl Memory Region Attributes Register 


a Description 


REGION 4 ATTRIBUTE (REG-4): EISA accesses to this PC] memory region are buffered when this 
bit is 1 and non-buffered when this bit is 0. If the Line Buffers are disabled via the PCICON Register 
(bit 6), buffering is disabled, regardless of the value of this bit. 


REGION 3 ATTRIBUTE (REG-3): EISA accesses to this PCl memory region are buffered when this 
bit is 1 and non-buffered when this bit is 0. If the Line Buffers are disabled via the PCICON Register 


(bit 6), buffering is disabled, regardless of the value of this bit. 


REGION 2 ATTRIBUTE (REG-2): EISA accesses to this PCl memory region are buffered when this 
bit is 1 and non-buffered when this bit is 0. If the Line Buffers are disabled via the PCICON Register 
(bit 6), buffering is disabled, regardless of the value of this bit. 


REGION 1 ATTRIBUTE (REG-1): EISA accesses to this PCI memory region are buffered when this 
bit is 1 and non-buffered when this bit is 0. If the Line Buffers are disabled via the PCICON Register 
(bit 6), buffering is disabled, regardless of the value of this bit. 
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3.1.23 MEMREGN[4:1]—EISA-TO-PCI MEMORY region for mapping EISA memory space to the corre- 


REGION ADDRESS REGISTERS sponding PC! memory space. This base and limit ad- 

dress fields define the size and location of the region 

Register Name: EISA-to-PCl Memory Region within the 4 GByte PC] memory space. The base 

Address and limit addresses can be aligned on any 64 KByte 

Address Offset: 60h-6Fh boundary and each region can be sized in 64 KByte 

Default Value: OOOOFFFFh increments, up to the theoretical maximum size of 

Attribute: Read/Write 4 GBytes. The default values of this register ensure 
Size: 32 bits that the regions are initially disabled. 


These 32-bit registers provide four windows for A region is selected based on the following formula: 
EISA-to-PCI| memory accesses. Each window de- Base Address < address < Limit Address. 
fines a positively decoded programmable address 


Offset 


Memory Region. Memory Region 
Limit Address (R/W) Base Address (R/W) 
- Address[31:16] - Address[31:16] 
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NOTE: 
The upper and lower words can be accessed individually. 


Figure 3-23. EISA-to-PC!l Memory Region Address Register 


Table 3-24. EISA-to-PCIl Memory Region Address Register 


| Bit Description 


MEMORY REGION LIMIT ADDRESS: For EISA-to-PCl accesses, bits [31:16] correspond to 
address lines LA[31:16] on the EISA Bus and AD[31:16] on the PCI Bus. This field determines 


the limit address of the memory region within the 4 GByte PCI memory space. 


MEMORY REGION BASE ADDRESS: For EISA-to-PClI accesses, bits [15:0] correspond to 
address lines LA[31:16] on the EISA Bus and AD[31:16] on the PCI Bus. This field determines 
the starting address of the memory region within the 4 GByte PCI memory space. 
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3.1.24 IOREGN[4:1]—EISA-TO-PCI I/O REGION 
ADDRESS REGISTERS 


Register Name: EISA-to-PCl I/O Region 


Address 
Address Offset: 70h-7Fh 
Default Value: OOOOFFFCh 
Attribute: Read/Write 
Size: 32 bits 


These 32-bit registers provide four windows for 
EISA-to-PCl I/O accesses. The windows define pos- 
itively decoded programmable address regions for 


18 17 16 15 


VO Region Limit 
Address (R/W) 


- Address[15:2] 
Reserved 


NOTE: 
The upper and lower words can be accessed individually. 


intel. 
mapping EISA I/O space to the corresponding PCI 
|/O space. Each register determines the starting and 
limit addresses of the particular region within the 
64 KByte PCI I/O space. The base and limit ad- 
dresses can be aligned on any Dword boundary and 
each region can be sized in Dword increments (32 
bits) up to the theoretical maximum size of 64 KByte. 
Default values for the base and limit fields ensure 
that the regions are initially disabled. 


Sa riFe 


The I/O regions are selected based on the following 
formula: Base Address < address < Limit Address. 


Offset 


VO Region Base 
Address (R/W) 
- Address[15:2] 
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Figure 3-24. EISA-to-PCI |/O Memory Region Address Register 


Table 3-25. EISA-to-PCI I/O Region Address Register 


Description 


1/O REGION LIMIT ADDRESS: For EISA-to-PCl I/O accesses, bits [31:18] correspond to 
address lines LA[15:2] on the EISA Bus and AD[15:2] on the PCI Bus. This field determines the 
limit address of the region within the 64 KByte PCI I/O space. 


I/O REGION BASE ADDRESS. For EISA-to-PClI I/O accesses, bits [15:2] correspond to 


address lines LA[15:2] on the EISA Bus and AD[15:2] on the PCI Bus. This field determines the 
starting address of the region within the 64 KByte PCI I/O space. 
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3.1.25 BTMR BIOS TIMER BASE ADDRESS This 16-bit register determines the base address for 

REGISTER the BIOS Timer Register located in PCI I/O space. 

The BIOS Timer resides in the PCEB and is the only 

Register Name: BIOS Timer Base Address internal resource mapped to PCI I/O space. The 

Address Offset: 80h-81h base address can be set at Dword boundaries any- 

Default Value: 0078h where in the 64 KByte PCI I/O space. This register 

Attribute: Read/Write also provides the BIOS Timer access enable/dis- 
Size: 16 bits able control bit. 


15 ¢ 4° 0 
PCI Address AD[15:2] FR] o| 


BIOS Timer Enable 


1=Enabled 
0O=Disabled 
BIOS Timer Base Address(R/W) 
Reserved 
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Figure 3-25. BIOS Timer Base Address Register 


Table 3-26. BIOS Timer Base Address Register 


| Bit | Description 
BIOS TIMER BASE ADDRESS: Bits [15:2] correspond to PCI address lines AD[15:2]. 


BTE (BIOS TIMER ENABLE): When BTE = 1, the BIOS Timer is enabled. When BTE = 0, the 
BIOS Timer is disabled. The default is 0 (disabled). 
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3.1.26 ELTCR—EISA LATENCY TIMER Therefore, a maximum ELT time-out period at 
CONTROL REGISTER 33 MHz is 256 x 30 ns = 7.68 ms. The value written 

into this register is system dependent. It should be 

Register Name: EISA Latency Timer Control based on PCI latency characteristics controlled by 
Address Offset: 84h the PCI Master Latency Timer mechanism and on 
Default Value: 7Fh EISA Bus arbitration/latency parametrics. A typical 
Attribute: Read/Write value corresponds to the ELT time-out period of 
Size: 8 bits | 1-3 ms. When the value in the ELTCR Register is 0, 
the ELT mechanism is disabled. The ELTCR Regis- 

This register provides the control for the EISA Laten- ter must be initialized before EISA masters or DMA 


cy Timer (ELT). The register holds the initial count are enabled. 
value used by the ELT. The ELT uses the PCI clock 
for counting. The ELT time-out period is equal to: 

ELTtimeout = Value{ELTCR(7:0)} x Tpcicick [ns] 


where: 


Tpciclk = 30 ns at 33 MHz (40 ns at 25 MHz). 


EISA Latency Timer Counter Count Value (R/W) 
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Figure 3-26. EISA Latency Timer Control Register 


Table 3-27. EISA Latency Timer Control Register 


Bit | Description 


EISA LATENCY TIMER COUNT VALUE: Bits[7:0] contain the initial count value for the EISA 
Latency Timer. When this field contains 00h, the EISA Latency Timer is disabled. 
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3.2 I/O Registers 

The only PCEB internal resource mapped to the PCI 
|/O space is the BIOS Timer Register. 


3.2.1 BIOS TIMER REGISTER 


BIOS Timer 
Programmable |/O Address 
Location (Dword aligned) 


Register Name: 
Register Location: 


Default Value: 00 00 xx xxh 
Attribute: Read/Write 
Size: 32 bits 


This 32-bit register is mapped to the PCI I/O space 
location determined by the value in the BTMR Reg- 
ister. Bit 0 of BTMR must be 1 to enable access to 
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the BIOS Timer. The BIOS timer clock is derived 
from the EISA Bus clock (BCLK); either 8.25 MHz or 
8.33 MHz depending on the PCI clock. BCLK is di- 
vided by 8 to obtain the timer clock of 1.03 MHz or 
1.04 MHz. If a frequency other than 33 MHz or 
25 MHz is used for PCI clock, the BIOS Timer clock 
will be affected. (It will always keep the same rela- 
tion to the BCLK, i.e., 1:4 or 1:3, depending on the 
clock divisor.) The BIOS Timer is only accessible 
from the PCI Bus and is not accessible from the 
EISA Bus. 


After data is written into BIOS Timer Register (BE1 # 
and/or BEO# must be asserted), the BIOS timer 
starts decrementing until it reaches zero. It 
“freezes” at zero until the new count value is writ- 
ten. 


ES TE ae 


Reserved 


BIOS Timer Counter Count Value (R/W) 
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Figure 3-27. BIOS Timer Register 


Table 3-28. BIOS Timer Register 


BIOS TIMER COUNT VALUE: The initial count value is written to bits [15:0] to start the timer. 
The value read is the current value of the BIOS Timer. 
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4.0 ADDRESS DECODING 


Conceptually, the PCEB contains two programmable 
address decoders: one to decode PCI Bus cycles 
that need to be forwarded to the EISA Bus or serv- 
iced internally and the other to decode EISA Bus 
cycles that need to be forwarded to the PCI Bus. 
Two decoders permit the PCI and EISA Buses to 
operate concurrently. The PCEB can be pro- 
grammed to respond to certain PCI memory or !/O 
region accesses as well as configuration space ac- 
cesses to the PCEB’s internal configuration regis- 
ters. PCEB address decoding is discussed in Sec- 
tion 4.1. 


The EISA address decoder decodes EISA Bus cy- 
cles generated by the bus master (DMA controller, 
ISA compatible master, or EISA compatible master) 
that need to be forwarded to the PCI Bus. The EISA 
decode logic can be programmed to respond to cer- 
tain memory or I/O region accesses. 


The PCEB provides three methods for decoding the 
current PCI Bus cycle. The PCEB can use positive, 
subtractive, or negative decoding for these cycles, 
depending on the type of cycle, actions on the PCI 
Bus, and programming of the PCEB registers. For 
EISA Bus cycles, only positive decoding is used. 


1. Positive decoding. With positive decoding, the 
PCI/EISA Bus cycle address is compared to 
the corresponding address ranges set up in the 
PCEB for positive decode. A match causes 


MEMCS# 


PCl 
Address 


Decoder MEMCS# Decoder 


- Main Memory 


EISA-To-PCi Decoder 
- Main Memory 

- BIOS Regions 

- PCI Memory Regions 
- PCI I/O Regions 


Address 
Decoder 


PCI Bus Interface 


ee 
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the PCEB decode logic to immediately service 
the cycle. The PCEB can be programmed (via the 
configuration registers) to positively decode se- 
lected memory or I/O accesses on both the PCI 
Bus and EISA Bus. Depending on the program- 
ming of the internal registers, the PCEB provides 
positive decoding for PC] accesses to selected 
address ranges in memory and I/O spaces and 
for EISA accesses to selected address ranges in 
memory and I/O spaces. Note that the decoding 
method for PCI accesses to the PCEB internal 
registers (configuration and I/O space registers) 
is not programmable and these accesses are al- 
ways positively decoded. 


. Subtractive decoding. For PCI memory or I/O 


cycles, the PCEB uses subtractive decoding (or 
negative decoding, described in #3 of this list) to 
respond to addresses that are not positively de- 
coded. With subtractive decoding, if a memory or 
1/O cycle is not claimed on the PCI Bus (via 
DEVSEL#), the PCEB forwards the cycle to the 
EISA Bus. The PCEB waits a programmable num- 
ber of PCICLKs (1. to 3 PCICLKs, as selected via 
the PCICON Register) for a PCI agent to claim 
the cycle. If the cycle is not claimed within the 
programmed number of PCICLKs (DEVSEL# 
time-out), the PCEB claims the cycle (asserts 
DEVSEL #) and forwards it to the EISA Bus. Note 
that the number of PCICLKs for a DEVSEL# 
time-out should be programmed to accommodate 
the slowest PCI Bus device. 


PCI Address/Data Bus 


Positive Decoder 

- Internal Registers 

- ESC Registers (8259) 
- IDE 

- PCl Memory Regions 


Internal 


Address 


EISA Bus Interface 


EISA Address Bus 
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Figure 4-1. Block Diagram Of Address Decoder 
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3. Negative decoding. Negative decoding is a pro- 
grammable option (via the PDCON Register) that 
is only used for PCl memory cycles. With nega- 
tive decoding, a PC! memory cycle that is not 
positively decoded by the PCEB as a main mem- 
ory area (one of the MEMCS# generation areas) 
and is not in one of the four programmable EISA- 
to-PCl memory regions (defined by 
MEMREGN[4:1] is immediately forwarded to the 
EISA Bus. This occurs without waiting for a 
DEVSEL # time-out to see if the cycle is going to 
be claimed on the PCI Bus. Thus, negative de- 
coding can reduce the latency incurred by waiting 
for a DEVSEL# time-out that is associated with 
subtractive decoding. This increases throughput 
to the EISA Bus for unclaimed PCl memory cy- 
cles. If the DEVSEL# time-out is set to 1 
PCICLK, negative decoding does not provide a 
latency improvement over subtractive decoding. 
However, for a 2 PCICLK time-out, the latency is 
reduced by 1 PCICLK and for a 3 PCICLK time- 
out, the latency is reduced by 2 PCICLKs. For 
more information on negative (and subtractive) 
decoding, see Section 4.1.1.3, Subtractively and 
Negatively Decoded Cycles to EISA. 


NOTE: 

Negative decoding imposes a restriction on the PCI 
system memory address map. PCI memory-mapped 
devices are restricted to one of the four program- 
mable EISA-to-PCl regions (MEMREGN[([4:1)). 
These regions always use subtractive decoding to 
forward an unclaimed cycle to the EISA Bus, even 
if negative decoding is enabled. Locating devices in 
these regions ensures that the PCI device has the 
allotted number of programmed PCICLKs 
(DEVSEL# time-out) to respond with DEVSEL#. 
Further, since the PCEB does not negatively de- 
code |/O space addresses, enabling this feature 
does not impose restrictions on devices that are 
mapped to PCI I/O space. 


4.1 PCI Cycle Address Decoding 


The PCEB decodes addresses presented on the 
multiplexed PCI address/data bus during the ad- 
dress bus phase. AD[31:0] and the byte enables 
(C/BE[3:0] # during the data phase) are used for 
address decoding. C/BE[3:0] # are used during the 
data phase to indicate which byte lanes contain valid 
data. For memory cycles, the PCI address decoding 
is always a function of AD[31:2]. In the case of I/O 
cycles, all 32 address bits (AD[31:0]) are used to 
provide addressing with byte granularity. For config- 
uration cycles, only a subset of the address lines 
carry address information. 


The PCEB decodes the following PCI cycle address- 


es based on the contents of the relevant program- 
mable registers: 
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1. Positively decodes PCEB configuration registers. 


2. Positively decodes |/O addresses contained 
within the PCEB (BIOS Timer). 


3. Positively decodes the following compatibility 1/O 
registers to improve performance: 


e Interrupt controller (8259) I/O registers con- 
tained within the ESC to optimize interrupt pro- 
cessing, if enabled through the PDCON Regis- 
ter. 


e IDE registers, if enabled through the PDCON 
Register. 


4. Positively decodes four programmable memory 
address regions contained within the PCIl memo- 
ry space. 


5. Positively decodes memory addresses for select- 
ed regions of main memory (located behind the 
Host/PCl Bridge). When a main memory address 
is positively decoded, the PCEB asserts the 
MEMCS# signal to the Host/PCl Bridge. The 
PCEB does not assert DEVSEL#. 


6. Subtractively or negatively decodes cycles to the 
EISA Bus (see Section 4.1.1, Memory Space Ad- 
dress Decoding). 


NOTE: 

A PCI requirement is that, upon power-up, PCI 
agents do not respond to any address. Typically, 
the only access to a PCI agent is through the 
IDSEL configuration mechanism until the agent is 
enabled during initialization. The PCEB/ESC sub- 
system is an exception to this since it controls ac- 
cess to the BIOS boot code. The PCEB subtrac- 
tively decodes BIOS accesses and passes the 
accesses to the EISA Bus where the ESC gener- 
ates BIOS chip select. This allows BIOS memory to 
be located in the PCI memory space. 


4.1.1 MEMORY SPACE ADDRESS DECODING 


The MCSCON, MCSTOP, MCSBOH, MCSTOM, and 
PDCON Registers are used to program the decoding 
for PCl Bus memory cycles. 


4.1.1.1 Main Memory Decoding (MEMCS #) 


The PCEB supports positive decode of main memo- 
ry areas by generating a memory chip select signal 
(MEMCS #) to the Host/PCI Bridge that contains the 
main memory interface control. The PCEB supports 
memory sizes up to 512 MBytes (i.e., the PCEB can 
be programmed to generate MEMCS # for this mem- 
ory range). For PCI memory accesses above 
512 MByte (512 MBytes to 4 GBytes), the PCEB 
does not generate MEMCS# and unclaimed cycles 
are forwarded to the EISA Bus using either subtrac- 
tive or negative decoding. 
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If a memory region is enabled, accesses to that re- 
gion are positively decoded and result in the PCEB 
asserting MEMCS #. If a memory region is disabled, 
accesses do not generate MEMCS# and the cycle 
is either subtractively or negatively decoded and for- 
warded to the EISA Bus. 


Within the 512 MByte main memory range, the 
PCEB supports the enabling/disabling of sixteen in- 


512MB Max FF 


16MB FE 


Main Memory Hole 
(programmable location/size) 


1MB-64KB(960 KB) 
16KBx4 


1MB-128KB(896 KB) 
16KBx8 { F 


768 KB 
640KB | 


512KB 


NOTE: 


dividual memory ranges (Figure 4-2). Fourteen of the 
ranges are within the 640 KByte-—1 MByte area and 
have Read Enable (RE) and Write Enable (WE) attri- 
butes. These attributes permit positive address de- 
coding for reads and writes to be independently en- 
abled/disabled. This permits, for example, an ad- 
dress range to be positively decoded for a memory 
read and subtractively (or negatively) decoded to the 
EISA Bus for a memory write. 


4 Top of Main Memory 
:{ (Programmable to 512 MB) 
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Shaded areas represent main memory decode regions for MEMCS#. 


Figure 4-2. MEMCS# Decode Areas 
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The fifteenth range (0 KByte-—512 KByte) and six- 
teenth range (programmable limit address from 
2 MByte up to 512 MByte on 2 MByte increments) 
can be enabled or disabled but do not have RE/WE 
attributes. A seventeenth range is available that 
identifies a memory hole. Addresses within this hole 
will not generate a MEMCS#. These memory ad- 
dress ranges are: 

e 0 KByte to 512 KByte 

e 512 KByte to 640 KByte 

e 640 KBytes to 768 KBytes (VGA memory page) 
e 960 KByte to 1 MByte (BIOS Area) 


e 768 KByte to 896 KByte in 16 KByte segments 
(total of 8 segments) 


e 896 KByte to 960 KByte in 16 KByte segments 
(total of 4 segments) 
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e 960 KByte to 1 MByte (Upper BIOS area) 
e 1 MByte to 512 MByte in 2 MByte increments. 


e Programmable memory hole in 64 KByte incre- 
ments between 1 MByte and 16 MByte. 


Table 4-1 summarizes the attribute registers used in 
MEMCS# decoding. The MCSCON, MAR1, MAR2, 
and MAR3 Registers are used to assign RE/WE at- 
tributes to a _ particular memory range. The 
MEMCS # hole is programmed using the MCSTOH 
and MCSBOH Registers. The region above 1 MByte 
is programmed using the MCSTOM Register. The 
region from 0 KByte—512 KByte is enabled/disabled 
using bit 4 of the MCSCON Register. MCSCON bit 4 
is also used to enable and disable the entire 
MEMCS # function. 


Table 4-1. Read Enable/Write Enable Attributes For MEMCS# Decoding 


Memory Attribute Registers 
(Register bits are shown in 
brackets) 


[arate ie 


| WE 
ph WE 
| WE 
| WE 
| WE 
| WE 
p MARZO} | WE 
| WE 
| WE 
| WE 
| WE 
We 
| WE 


WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 
WE 


| RE 

| RE 

| RE : 
| RE : 
| RE 

aie 

| RE | 0D0000h-OD3FFFH 
ped : 
| RE 

| RE 

| RE : 
| RE : 
| RE 

| RE 


Memory Segments 


080000h-O09FFFFh 
OFOOOOh-OFFFFFh 


512K to 640K 
BIOS Area 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
Add-on BIOS 
BIOS Extension 
BIOS Extension 
BIOS Extension 
BIOS Extension 
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The PCEB generates MEMCS # from the decode of 
the PCI address. MEMCS# is asserted during the 
first data phase as indicated in the Figure 4-3. 
MEMCS # is only asserted for one PCI clock period. 
The PCEB does not take any other action as a result 
of this decode, except to generate MEMCS*#. It is 
the responsibility of the device using the MEMCS# 
signal to generate DEVSEL#, TRDY# and any oth- 
er cycle response. The device using the MEMCS# 
will always generate DEVSEL# on the next clock. 
This fact can be used to avoid an extra clock delay 
in the subtractive decoder described in the next sec- 
tion. 


a ae 
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The BIOS memory space is subtractively decoded. 
BIOS is typically “shadowed” after configuration and 
initialization is complete. Thus, negative decoding is 
not implemented for accesses to the BIOS EPROM 
residing on the expansion bus. 


4.1.1.2 BIOS Memory Space 


The ESC decoder supports BIOS space up to 
512 KBytes. The standard 128 KByte BIOS mem- 
ory space is OOOE 0000h to OOOF FFFFh (top of 
1 MByte), and aliased at FFFE 0000h to FFFF FFFFh 
(top of 4 GByte) and FFEE 0000h to FFEF FFFFh 


7.) | Gh, Ce ennenarrs iro: 
PCIADDR/DATA. =X +ADD DATA 3 


—p——e 


MEMCS# | 22g | 


1 2 


NOTE: 


3 + 
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Since MEMCS # is point-to-point (a sideband signal), the signal meets the guaranteed setup time to clock edge 3 (and 
clock edge 4). This fast generation of MEMCS# prevents the penalty caused by the decoding delay. 


Figure 4-3. MEMCS# Generation 
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(top of 4 GByte-1 MByte). These aliased regions 
account for the CPU reset vector and the uncertainty 
of the state of the A20Gate when a software reset 
occurs. 


Note that the ESC component contains the BIOS 
space decoder that provides address aliasing for 
BIOS at 4 GByte or 4 GByte-1 MByte by ignoring 
the LA20 address line. 


The additional 384 KByte BIOS memory space at 
FFF8 0000h to FFFD FFFFh is known as the en- 
larged BIOS memory space. Note that EISA memory 
(other than BIOS) must not reside within the address 
range from 4 GByte-1.5 MByte to 4 GByte-1 MByte 
and from 4 GByte-512 KByte to 4 GByte to avoid 
conflict with BIOS space. 


Since the BIOS device is 8 bits or 16 bits wide and 
typically has very long access times, PCI burst reads 
from BIOS space invoke a disconnect target termi- 
nation (using the STOP # signal) after the first data 


transaction in order to meet the PCI incremental la- 
tency guidelines. 


FRAME# 
FAST DEVSEL# 


TYP. DEVSEL# 


SLOW DEVSEL# 


FORWARD TO EISA, 
DRIVE DEVSEL# 
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4.1.1.3 Subtractively and Negatively Decoded 
Cycles to EISA 


The PCEB uses subtractive and negative decoding 
to forward PCI Bus cycles to the EISA Bus. These 
modes are defined at the beginning of Section 4.0. 
Bit 0 of the PDCON Register selects between nega- 
tive and subtractive decoding. 


For subtractive decoding, the DEVSEL# sample 
point can be configured to three different settings by 
programming the PCICON Register. If the ‘fast’ 
point is selected, the cycle is forwarded to EISA 
when DEVSEL # is inactive at the F sample point. If 
the “typical” point is selected, DEVSEL# is sam- 
pled on both F and T, and, if inactive, the cycle is 
forwarded to EISA. If the ‘“‘slow” point is selected, 
DEVSEL# is sampled at F, T, and S. The sample 
point should be configured to match the slowest PCI 
device in the system. This programmable capability 
permits systems to optimize the DEVSEL# time-out 
latency to the response capabilities of the PCI devic- 
es in the system. The sample point selected must 
accommodate the slowest device on the PCI Bus. 
Note that when these unclaimed cycles are forward- 
ed to the EISA Bus, the PCEB drives the DEVSEL# 
active. 


An active MEMCS# always results in an active 
DEVSEL# on the “Typical” sample point. 


Sample Points 
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Figure 4-4. DEVSEL# Sample Points 
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Only unclaimed PCI cycles within the memory ad- 
dress range from 0 GByte to 4 GByte and I/O ad- 
dress range from 0 KByte to 64 KByte are forwarded 
to EISA. Unclaimed PCI I/O cycles to address loca- 
tions above 64 KBytes are not forwarded to the 
EISA Bus and the PCEB does not respond with 
DEVSEL#. In this case, these unclaimed cycles 
cause the master to terminate the PCI cycle with a 
master abort. 


If negative decoding is used, the PCEB begins the 
PCl-to-EISA cycle forwarding process at the ‘“‘fast’’ 
sample point. Compared to the system that uses 
subtractive decode at the “slow” sample point, neg- 
ative decoding reduces the decoding overhead by 
2 PCI clock cycles. In the case of subtractive de- 
code at the “typical’’ sampling point, negative de- 
coding reduces the overhead by 1 PCI clock. 


The PCEB contains programmable configuration 
registers that define address ranges for PCI resident 
devices. There is a set of registers associated with 
MEMCS# decoding of main memory areas and a 
set of registers for defining address mapping of up to 
four EISA memory regions that are mapped to the 


PCl. Note that there is no equivalent mechanism for ° 


mapping the PCI memory regions to EISA and, 
therefore, all PCl memory cycles that need to be 
forwarded to the EISA Bus use either subtractive or 
negative decoding. 


When negative decoding is selected, memory cycles 
with addresses other than those specified by the 
MEMCS# mapping for positive decode (via the 
MCSCON, MCSBOH, MCSTOH, MCSTOM, MAR1, 
MAR2, and MAR3 Registers) or the four program- 
mable EISA-to-PCl memory” regions (via 
MEMREGNI[4:1]) are immediately forwarded to the 
EISA Bus without waiting for a DEVSEL# time-out. 


Negative decoding has the following properties. 


e All addresses above the top of main memory or 
within the MEMCS# hole (as defined by the 
MEMCS# map) are negatively decoded to EISA, 
except for the four programmable EISA-to-PCl 
memory regions. These regions MEMREGN[4:1] 
can overlap with active main memory ranges, the 
main memory hole, or with the memory space 
above the top of main memory. PCI accesses to 
MEMREGNI[4:1] are always subtractively decod- 
ed to EISA. 


e All addresses within MEMCS# defined ranges 
640 KByte to 1 MByte can be either mapped to 
PCl or EISA using positive decoding. Some of 
these regions allow more detailed mapping 
based on programmable access attributes (read 
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enable and write enable). This permits a region to 
be positively decoded for the enabled attribute 
and negatively decoded, if enabled, to the EISA 
Bus for the disabled attribute. For example, if a 
region is enabled for reads and disabled for 
writes, accesses to the region are positively de- 
coded to the PCI for reads and negatively decod- 
ed, if enabled, to EISA for writes. If negative 
decoding is disabled (i.e., subtractive decoding 
enabled), the write is subtractively decoded to 
EISA. 


When negative decoding is enabled, Region [4:1] 
can still be set up for subtractive decoding. A PCI 
device that requires subtractive decoding must 
reside within Region [4:1]. As a result, the sub- 
tractive decoding penalty is only associated with 
some address ranges (i.e., some devices) and 
not with all non-PCl ranges. This feature can be 
used with PCI devices that dynamically change 
response on PCI cycles based on cycle type or 
an internal device state (e.g., intervention cycle). 


lf a PCl device can not be located in one of the 
regions (Region [4:1]), then negative decoding 
can not be used. This could occur for systems 
with very specific address mapping requirements 
or systems where the device addresses that re- 
side on the PCI Bus are highly fragmented and 
could not be accommodated with four regions. 


Note that the four regions do not limit mapping to 
only four devices. More than one device can be 
mapped into the same programmable region. 
These devices will reside within their own sub-re- 
gions, which are not necessarily contiguous. 


4.1.2 PCEB CONFIGURATION REGISTERS 


PCI accesses to the PCEB configuration registers 
are positively decoded. For a detailed address map 
of the PCEB configuration registers, see Section 3.1, 
Configuration Registers. 


4.1.3 PCEB I/O REGISTERS 


The only |/O-mapped register in the PCEB is the 
BIOS Timer Register. Section 3.2 provides details on 
the address mapping of this register. Note that the 
internal decode of the BIOS Timer Register is dis- 
abled after reset and all |/O accesses that are not 
contained within the PCI are subtractively decoded 
and passed to EISA Bus. To enable I/O access to 
the PCEB’s BIOS Timer Register, The BTMR Regis- 
ter must be programmed. 


J 
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4.1.4 POSITIVELY DECODED COMPATIBILITY 
I/O REGISTERS 


The 8259 interrupt controller and IDE register loca- 
tions are positively decoded. Access to the corre- 
sponding |/O address ranges must first be enabled 
through the PDCON Register. 


PCI accesses to these registers are broadcast to the 
EISA Bus. These PCI accesses require the owner- 
ship of the EISA Bus, and will be retried if the EISA 
Bus is owned by an EISA/ISA master or the DMA. 


ESC Resident PIC Registers 


Access to the 8259 registers are positively decoded, 
if enabled through PDCON Register, to minimize ac- 
cess time to the system interrupt controller during 
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interrupt processing (in particular during the EOI 
command sequence). Table 4-2 shows the 8259 I/O 
address map. After PCIRST#, positively decoded 
access to these address ranges is disabled. 


EISA Resident IDE Registers 


The PCI address decoder positively decodes IDE 
1/O addresses (Primary and Secondary IDE) that ex- 
ist within the EISA subsystem (typically on the X-Bus 
or as an ISA slave). This feature is implemented to 
minimize the decoding penalty for the systems that 
use IDE as a mass-storage controller. Table 4-3 
shows IDE’s |/O address map. Note. that the 
PDCON Register controls the enable/disable func- 
tion for IDE decoding. After PCIRST #, positive de- 
code of the IDE address range is disabled. 


Table 4-2. ESC Resident Programmable interrupt Controller (PIC) Registers 


| Fepc | Base | 7654 


Address Address Bits 
(hex) 


| 001K 
| oo2th | 0000 | 0000 | 01x _ 
| 101% 
| 101% 


Register Name 


INT 1 Control Register 


s210 
90 
Teo | RW | INT 1 Mask Resistor —_ 
00 
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Table 4-3. EISA Resident IDE Registers : 


trex) [Feoe | wave | 70s | e210 | Type 
Tor7on | 0000 | 0001 | ort | o000 | Aw | Secondan DataRegitor 
To17in | 0000 | 0001 | ort | 0001 | A/W | Secondary ErorRegisor 


R/W 

R/W 

R/W 

R/W 

R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 
R/W 


Tor7en 
To17en 

o17an 

o176n 

o176n 

017m 

orth 0001 

Taran | 0000 | ooo1 | 1111 | oo10 | vw | Primary Sector Count Register 
Tarren | 0000 | ooo1 | 1111 | oot | m/w | Primary Sector NumberReuisioy 
Toran | 0000 | ooo1 | 1111 | 100 | rw | Primary OyinderLow Register 
Toresn | 0000 | ooo1 | 1111 | tor | rw | Primary Oyinder High Reiser 
Tarren | 0000 | ooo1 [1111 | otto | mn | Primary Dive/Heed Registor 
orem | 0000 | ooo1 [ati | or | mn | Primary StatusRegstor 
Taa7en | 0000 | oot | o1tt | orto | rw | Secondary Aternto State Regier 
Taar7m | 0000 | oot | ort | ors | | Secondary Ov Address Resistor 
Taaren | 0000 | oot | 1111 | otto | Anw | Primary Aterate Status Resistor 
Tear | 0000 [oot [arnt | ot | m | Primary Dive Adress Register 


F e Provides access attributes for memory Regions 

4.2 EISA Cycle Address Decoding [4:1]. These attributes are used to select the 
For EISA Bus cycles, the PCEB address decoder most optimum access mode (buffered or non- 
determines the destination of EISA/ISA master and buffered). 
DMA cycles. This decoder provides the following e All cycles that are not positively decoded to be 
functions: forwarded to PCI are contained within EISA. 
e Positively decodes memory and |/O addresses 

that have been programmed into the PCEB for NOTE: 

forwarding to the PCI Bus. This includes access- The registers that reside in the PCEB (configuration 

es to devices that reside directly on the PCI registers and BIOS Timer) are not accessible from 


(memory Regions [4:1] and |/O Regions [4:1]) the EISA Bus. 
and segments of main memory that resides be- 
hind the Host/PCl Bridge. 
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4.2.1 POSITIVELY DECODED MEMORY 
CYCLES TO MAIN MEMORY 


The EISA/ISA master or DMA addresses that are 
positively decoded by the PCEB are forwarded to 
the PCI Bus. If the address is not positively decoded 
by the PCEB, the cycle is not forwarded to the PCI 
Bus. Subtractive and negative decoding are not 
used on the EISA Bus. 


The PCEB permits several EISA memory address 
ranges (items a-i, below) to be positively decoded. 
EISA Bus cycles to these regions are forwarded to 
the PCI Bus. Regions described by a-f and h are 
fixed and can be enabled or disabled independently. 
These regions are controlled by the EADC1 and 
EADC2 Registers. 


The region described by g defines a space starting 
at 1 MByte with a programmable upper boundary of 
4 GByte-2 MByte. Within this region a hole can be 
opened. Its size and location are programmable to 
allow a hole to be opened in memory space (for a 
frame buffer on the EISA Bus, for example). The size 
of this region and the hole are controlled by the 
MCSTOM, MCSBOH and MCSTOH Registers. If a 
hole in main memory is defined, then accesses to 
that address range are contained within EISA, un- 
less defined by the EISA-to-PCl memory regions as 
a PCI destined access. (See next section.) 


a. 0 KByte to 512 KByte 

b. 512 KByte to 640 KByte 

c. 640 KByte to 768 KByte (VGA memory) 
d 


. 768 KByte to 896 KByte in eight 16 KByte sec- 
tions (Expansion ROM) 


e. 896 KByte to 960 KByte in four 16 KByte sections 
(lower BIOS area) 


f. 960 KByte to 1 MByte (upper BIOS area) 


g. 1 MByte to the top of memory (up to 4 GByte- 
2 MByte) within which a hole can be opened. Ac- 
cesses to the hole are not forwarded to PCI. The 
top of the region can be programmed on 2 MByte 
boundaries up to 4 GByte-2 MByte. The hole 
can be between 64 KByte and 4 GByte-2 MByte 
in 64 KByte increments and located on any 
64 KByte boundary. 


82375EB 


h. 16 MByte-64 KByte to 16 MByte (FFOOOOh- 
FFFFFFh). EISA memory cycles in this range are 
always forwarded to the PCI Bus, if this range ex- 
ists in main memory as defined by the MEMCS# 
registers. In this case, the enable/disable control 
bit in EADC2 Register is a don’t care. If this range 
is not defined in main memory (i.e., above the top 
of memory or defined as a hole in the main mem- 
ory), EISA cycles to this address range are for- 
warded to the PCI Bus, based on the enable/dis- 
able bit in the EADC2 Register. (This capability is 
used to support access of BIOS at 16 MBytes.) 


i. 4 GByte-2 MByte to 4 GByte. The address map 
must be programmed in a such way that this ad- 
dress range is always contained within EISA. This 
is to avoid conflict with local BIOS memory re- 
sponse in this address range. If this region must 
be mapped to PCI, then programming of the BIOS 
decoder Registers contained within the ESC must 
ensure that there is no conflict. To map this region 
to PCI, one of the four programmable EISA-to-PClI 
memory regions must be used. Mapping of this 
region to the PCI might be required in the case 
when BIOS resides on the PCI and the PCI/EISA 
system must have consistent address maps for 
both PCI and EISA. 


For detailed information on the PCEB registers used 
to control these address regions, refer to Section 
3.1, PCEB Configuration Registers. 


EISA memory cycles positively decoded for forward- 
ing to PCI are allowed to be handled by the PCEB’s 
Line Buffer management logic, if the line buffering is 
enabled through the PCICON Register. 


For EISA-to-PCI transactions there are 2 modes of 
Line Buffer Operation: 


¢ Buffered: Read-prefetch, write posting with data 
assembly. 


e Non-buffered: Bypass path used. 
Accesses within the main memory address range 


are normally performed in buffered mode. If there 
are programmable memory regions defined within 
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1MB-64KB(960 KB) 
16KBx4 


1MB-128KB(896 KB) 


16KBx8 


768 KB 


640KB 


512KB 


NOTES: 


Top of Main Memory 
(Programmable to 512 MB) 


290477-48 


. The four programmable EISA-to-PC! regions (Regions [4:1]) are not shown. These regions can be located anywhere 
within the 4 GByte memory space. Accesses to these regions are forwarded to the PCI Bus. 
. EISA cycles that access shaded regions are contained to the EISA Bus, unless the access hits one of the four 


programmable EISA-to-PCl regions described in Note 1. 


. Memory accesses to non-shaded areas are forwarded to the PCI Bus, if the region is enabled. If the region is dis- 
abled, the access is contained to the st Bus, unless the access hits one of the four programmable EISA-to-PCl 


regions described in note 1. 


Figure 4-5. EISA Address Decoder Map 


the main memory hole or above the top of the main 
memory MEMREGN[4:1], then the mode of access 
depends on configuration bits of the EPMRA 
Register. Access attribute bits associated with these 
regions override the default buffered mode for a par- 
ticular address range in the case of programmable 
regions overlapping .with active main memory re- 
gions. 


Access to the 64 KByte area at the top of 16 MBytes 
(FFOOOOH-FFFFFFh) on the PCI, if this region is 
within main memory or within the main memory hole 
and enabled via the EADC2 Register, are always for- 
warded in a non-buffered mode, unless overlapped 
with a programmable region that defines buffered 
access mode. 
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4.2.2 PROGRAMMABLE EISA-TO-PCI MEMORY 
ADDRESS REGIONS 


The PCEB supports four programmable memory re- 
gions for EISA-to-PCl transfers. The PCEB positively 
decodes EISA memory accesses to these regions 
and forwards the cycle to the PCI Bus. This feature 
permits EISA master accesses to PCI devices that 
reside within these address ranges. 


Regions can be enabled or disabled. After reset, all 
regions are disabled. Each region has an associated 
Base and Limit Address fields MEMREGN[4:1] that 
determine the size and location of each region. 
These registers are programmed with the starting 


Bees. 
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address of the region (Base) and ending address of 


the region (Limit). The address range for a particular 
region is defined by the following equation: 


Base__Address < Address < Limit__Address 


These regions can be defined anywhere in the 
4 GByte address space at 64 KByte boundaries and 
with 64 KByte granularity. In practical applications, 
the regions will be mapped within the main memory 
hole or above the top of the memory defined by the 
MEMCS# map. 


Access to the memory locations within a region can 
be performed in one of two modes: 


e Non-Buffered Mode: PCEB’s EISA-to-PCl Line 
Buffers can be disabled for all EISA-to-PCl mem- 
ory read/write accesses through the PCICON 
Register or for selected accesses through 
EPMRA Register. 


¢ Buffered Mode: Line Buffers enabled. Read-pre- 
fetch and write-assembly/posting allowed (with- 
out strong ordering). 


Since buffered mode provides maximum perform- 
ance (and concurrency in non-GAT mode), it should 
be selected, unless the particular region is used for 
memory-mapped |/O devices. |/O devices can not 
be accessed in read-prefetch or write-assembly/ 
posted fashion because of potential side-effects 
(see Section 6.0, Data Buffering). 


4.2.3 PROGRAMMABLE EISA-TO-PCI I/O 
ADDRESS REGIONS 


The PCEB provides four programmable |/O address 
regions. These regions are defined by Base and 
Limit address fields contained in the associated 
lIOREGN[4:1] Registers. These regions can be de- 
fined anywhere within the 64 KByte I/O space on 
Dword boundaries (and with Dword granularity). See 
Section 4.1, PCEB Configuration Registers. 


4.2.4 EXTERNAL EISA-TO-PCI I/O ADDRESS 
DECODER 


Since the I/O address map may be highly fragment- 
ed, it is impractical to provide enough programmable 
regions to completely define mapping of registers for 
1/0 devices on the PCI. The PCEB’s input signal pin 
PIODEC# can be used, if a more complex |/O de- 
code scheme is needed. PIODEC# complements 
the functions of the four PCEB programmable |/O 
regions with external decode logic. If PIODEC# is 
asserted during an EISA I/O cycle, the cycle is for- 
warded to the PCI Bus. 


If the PIODEC# signal is not used, a pull-up resistor 
is required to provide an inactive signal level. 
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4.3 Palette DAC Snoop Mechanism 


Some advanced graphics EISA/ISA expansion 
boards use the pre-DAC VGA pixel data from the 
VGA Special Feature Connector and merge it with 
advanced graphics data (multi-media for example). 
The merged data is then run through a replicated 
palette DAC on the advanced graphics expansion 
board to create the video monitor signal. The repli- 


_ cated palette DAC is kept coherent by snooping 


VGA palette DAC writes. Snooping becomes an is- 
sue in a system where the VGA controller is placed 
on the PCI Bus and the snooping graphics board is 
on the EISA expansion bus. Normally, the PCI VGA 
controller will respond to the palette DAC writes with 
DEVSEL #, so the PCEB will not propagate the cycle 
to the EISA Bus using subtractive decoding. 


The burden for solving this problem is placed on the 
VGA subsystem residing on the PCI. The VGA sub- 
system on PCI must have an enable/disable bit as- 
sociated with palette DAC accesses. When this bit is 
enabled the PCI VGA device responds in handshake 
fashion (generates DEVSEL#, TRDY#, etc.) to I/O 
reads and writes to the palette DAC space. 


When this bit is disabled, the PCl VGA device re- 
sponds in handshake fashion only to I/O reads to 
palette DAC space. I/O writes to the palette DAC 
space will be snooped (data latched) by the PCI 
VGA device, but the PC! VGA subsystem will not 
generate a DEVSEL#. In this case, the I/O write will 
be forwarded to the EISA Bus by the PCEB as a 
result of subtractive decode. The PCI VGA device 
must be able to snoop these cycles in the minimum 
EISA cycle time. 


The state of palette-DAC snooping control bit does 
not affect I/O reads from the palette DAC space. 
Regardless of whether this bit is enabled or dis- 
abled, the PCI VGA device will service the I/O reads 
from the palette DAC space. 


5.0 PCI INTERFACE 


The PCEB provides the PCI Interface for the PCI- 
EISA Bridge. The PCEB can be an initiator (master) 
or target (slave) on the PCI Bus and supports the 
basic PCl Bus commands as described in Section 
5.1.1, PCl Command Set. For EISA-to-PCI transfers, 
the PCEB is a master on the PCI Bus on behalf of 
the requesting EISA device. An EISA device can 
read and write either PC| memory or I/O space. 


The PCEB forwards unclaimed PCI Bus cycles to 
EISA. For PCI Bus cycles that are not claimed, the 
PCEB becomes a slave on the PCI Bus (claiming the 
cycle via subtractive or negative decoding) and for- 
wards the cycle to the EISA Bus. 
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This section describes the PCI Bus transactions sup- 
ported by the PCEB. The section also covers the 
PCI Bus latency mechanisms in the PCEB that limit a 
master’s time on the bus and the PCEB support of 
parity. In addition, the PCEB contains PCI Bus arbi- 
tration circuitry that supports up to six masters. PCI 
Bus arbitration is described in Section 5.4. 


NOTES: 


1. All signals are sampled on the rising edge of the 
PCI clock. Each signal has a setup and hold win- 
dow with respect to the rising clock edge, in which 
transitions are not allowed. Outside of this range, 
signal values or transitions have no significance. 


2. The terms initiator and master are synonymous. 
Likewise, the terms target and slave are synony- 
mous. 
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3. Readers should be familiar with the PCI Bus spec- 
ification. | 


5.1 PCi Bus Transactions 


This section presents the PCI Bus transactions sup- 
ported by the PCEB. 


5.1.1 PCl COMMAND SET 


PCI Bus commands indicate to the target the type of 
transaction requested by the master. These com- 
mands are encoded on the C/BE[3:0] # lines during 
the address phase of a transfer. Table 5-1 summa- 
rizes the PCEB’s support of the PCl Bus commands. 


Table 5-1. PCEB-Supported PCI Bus Commands 


Memory Write and Invalidate 


NOTES: 


Yes 
Y 


e 
Ye 


0011 /0 Write 


1. As a target, the PCEB treats this command as a memory write command. 

2. As a target, the PCEB treats this command as a memory read command. 

3. The PCEB considers a reserved command invalid and, as a target, completely ignores the transaction. All internal address 
decoding is ignored and the PCEB never asserts DEVSEL#. As a PCI master, the PCEB never generates a bus cycle with 


a reserved command type. 
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5.1.2 PCl CYCLE DESCRIPTIONS 


Each PCI Command is listed below with the follow- 
ing format of information: 


Command Type 
PCEB target support 
—Decode method 
—Data path 
—PCEB response 


—Result of no response on EISA 
PCEB initiator support 

—Data path 

—Conditions for generating command 

—Result of no response on PCI 


Interrupt Acknowledge 


Target support: 

Decode: Positive and Subtractive 

Data Path: Flow through 

Response: 

The interrupt acknowledge cycle is subject to retry. If 
the PCEB is locked, or if the interrupt acknowledge 
cycle triggers buffer management activity, or if the 
EISA Bus is occupied by an EISA/ISA master or the 
DMA, the interrupt acknowledge cycle is retried. 


The interrupt acknowledge command is a single byte 
read that is implicitly addressed to the interrupt con- 
troller in the ESC component. The address bits are 
logical “don’t cares” during the address phase and 
the byte enables indicate to the PCEB that an 8-bit 
interrupt vector is to be returned on byte 0. After 
performing the necessary buffer management oper- 
ations and obtaining ownership of the EISA Bus, the 
PCEB generates a_ single 
PEREQ#/INTA# inter-chip signal and performs an 
|/O read cycle (on the EISA Bus) to the ESC internal 
registers residing at |1/O address 04h. The ESC de- 
code logic uses the PEREQ#/INTA# signal to dis- 
tinguish between standard accesses to I/O address 
04h (DMA controller) and special accesses that re- 
sult in a vector being read by the PCEB. The PCEB 
holds the PCI Bus, in wait states, until the interrupt 
vector is returned. PEREQ#/INTA# remains as- 
serted until the end of the read cycle. 


Result of no response on EISA: 

The PCEB runs a standard length EISA I/O read 
cycle and terminates normally. The value of the data 
returned as an interrupt vector is meaningless. 


Initiator support: None. 


pulse on the . 
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Special Cycle 
Target support: None. 


Initiator support: None. 


1/O Read 


Target support: 

Decode: Positive (PCEB and some ESC 
registers) and Subtractive 

Data Path: Flow through 

PCEB Response: 

The PCEB claims |/O read cycles via positive or 

subtractive decoding and generates DEVSEL#. The 

internal PCEB registers (BIOS Timer) and the IDE 

and the 8259 registers are positively decoded. Any 

unclaimed cycle below 64 KByte is subtractively de- 

coded and forwarded to the EISA Bus. The I/O read 

cycle is subject to retry. If the PCEB is locked, if the 

cycle triggers buffer management activity, or if the 

EISA Bus is occupied by an EISA/ISA master or the 

DMA, the I/O read cycle is retried. If the cycle gets 

retried due to an occupied EISA Bus, the EISA Bus 

is requested. 


Once an I/O read cycle is accepted (not retried) by 
the PCEB, the PCI Bus is held in wait states using 
TRDY # until the cycle is completed internally or on 
the EISA Bus. 


Burst I/O reads to the EISA Bus or to the PCEB are 
not supported. Therefore, any burst I/O read cycles 
decoded by the PCEB are target terminated after the 
first data transaction using the disconnect semantics 
of the STOP# signal (Figure 5-12, Disconnect A). 


Result of no response on EISA: 
The PCEB runs a standard length EISA I/O cycle 
and terminates normally. 


Initiator support: 

The PCEB generates PCI Bus I/O read cycles on 
behalf of an EISA master. EISA cycles are forward- 
ed to the PCI Bus if the |/O address is within one of 
four programmable |/O address regions as defined 
in Section 4.0, Address Decoding. 


Result of no response on PCI: 


Master abort due to DEVSEL¥ time-out. PCEB re- 
turns data value FFFFFFFFh. 


1-487 


82375EB 


1/O Write 


Target support: 
Decode: Positive (PCEB/ESC registers) 

and Subtractive 
Data Path: Flow through 
PCEB Response: 
I/O write cycles can be claimed by the PCEB via 
positive or subtractive decoding. In either case, the 
PCEB generates DEVSEL #. The internal PCEB reg- 
isters (BIOS Timer), IDE registers and 8259 registers 
are positively decoded, if enabled. Any unclaimed 
cycle below 64 KByte is subtractively decoded and 
forwarded to the EISA Bus. The I/O write cycle is 
subject to retry. If the PCEB is locked, if the cycle 
triggers buffer management activity, or if the EISA 
Bus is occupied by an EISA/ISA master or the DMA, 
the |/O write cycle is retried. If the cycle is retried 
due to an occupied EISA Bus, the EISA Bus is re- 
quested. 


Once an I/O write cycle is accepted (not retried) by 
the PCEB, the PCI Bus is held in wait states using 
TRDY # until the cycle is completed within the PCEB 
or on the EISA Bus. 


Burst |/O writes to the EISA Bus or to the PCEB are 
not supported. Therefore, any burst I/O write cycles 
decoded by the PCEB are target terminated after the 
first data transaction using the disconnect semantics 
of the STOP # signal (Figure 5-12, Disconnect A). 


Result of no response on EISA: 
The PCEB runs a standard length EISA I/O cycle 
and terminates normally. 


Initiator support: 

The PCEB generates PCI I/O write cycles on behalf 
of an EISA master. EISA cycles are forwarded to the 
PCI Bus if the I/O address is within one of the four 
programmable I/O address regions defined in Sec- 
tion 4.0, Address Decoding. 


Result of no response on PCI: 
Master abort due to DEVSEL# time-out. 


Memory Read 


Target support: 

Decode: Negative and Subtractive 

Data Path: Flow through 

PCEB Response: , 

Memory read cycles may be claimed by the PCEB 
via negative or subtractive decoding. The PCEB 
claims the cycle by asserting DEVSEL#. Unclaimed 
PCI cycles (DEVSEL# time-out) are claimed by the 
PCEB via subtractively decoding and forwarded to 
the EISA Bus. The memory read cycle is subject to 
retry. If the PCEB is locked, if the cycle triggers buff- 
er management activity, or if the EISA Bus is occu- 
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pied by an EISA/ISA master or the DMA, the memo- 
ry read cycle is retried. If the cycle is retried due to 
an occupied EISA Bus, the EISA Bus is requested. 


Once a memory read cycle is accepted (not retried) 
by the PCEB, the PCI Bus is held in wait states, us- 
ing TRDY #, until the cycle is completed to the EISA 
Bus. 


Incremental burst memory reads destined for the 
EISA Bus take longer than the allowed 8 PCICLKs. 
Therefore, any burst memory read cycle decoded by 
the PCEB causes the PCEB to target terminate the 
cycle after the first data transaction using the dis- 
connect semantics of the STOP # signal (Figure 5-8, 
Disconnect A). 


Result of no response on EISA: 
The PCEB runs a standard length EISA memory 
read cycle and terminates normally. 


Initiator support: 

Data Path: Line Buffer when enabled. Flow through 
when Line Buffer is disabled or it is a 
bypass cycle. 

Cycle Generation Conditions: 
As an initiator, the PCEB generates a PCI memory 
read cycle when it decodes an EISA memory read 
cycle destined to the PCI that can not be serviced by 
the Line Buffer. This condition occurs for EISA/ISA 
master and DMA cycles that can not be serviced by 
the Line Buffer because the Line Buffer is empty, 
there is a Line Buffer miss, or Line Buffering is dis- 
abled. 


As an initiator, the PCEB only generates linear incre- 
menting burst ordering that is signaled by 
AD[1:0] = 00 during the address phase. Other 
types of burst transfers (i.e., cache line toggle mode) 
are never initiated by the PCEB. 


The PCEB generates a burst memory read when it is 
fetching 16 bytes into one of the four Line Buffers. 


Result of no response on PCI: 
Master abort due to DEVSEL# time-out. PCEB re- 
turns data value FFFFFFFFh. 


Memory Write 


Target support: 

Decode: Negative and Subtractive 

Data Path: Posted Write Buffer or flow through 
PCEB Response: 

Memory write cycles may be claimed by the PCEB 
via negative or subtractive decoding. The PCEB as- 
serts DEVSEL# to claim the cycle. Unclaimed PCI 
cycles (DEVSEL# time-out) within the 4 GByte 
memory space are claimed by the PCEB via subtrac- 
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tively decoding and forwarded to the EISA Bus. The 
memory write cycle is subject to retry. If the PCEB is 
locked, if the cycle triggers buffer management ac- 
tivity, if the PCI Posted Write Buffer (PWB) is full, or if 
posting is disabled because the EISA Bus is occu- 
pied by an EISA/ISA master or the DMA, the memo- 
ry write cycle is retried. If the cycle is retried due to a 
disabled buffer because the EISA Bus is occupied, 
the EISA Bus is requested. 


Once a memory write cycle is accepted (not retried) 
by the PCEB, the cycle is posted, if the PCI Posted 
Write buffer is enabled, and the PCI cycle is termi- 
nated in zero wait states. If the PCI Posted Write 
Buffer is disabled, the PCEB holds the PCi Bus, in 
wait states, using TRDY # until the cycle is complet- 
ed on the EISA Bus. 


As a target, the PCEB only supports linear incre- 
menting burst ordering that is signaled by the master 
with AD[1:0] = 00 during the address phase. Burst 
with any other type of ordering (AD[1:0] # 00) is 
split into single data phase transfers using target dis- 
connect. 


Incremental burst memory writes destined for the 
EISA Bus are posted at 0 wait states until the PWB 
is full (4 Dwords). When the PWB is full, burst memo- 
ry writes are target terminated using the disconnect 
semantics of the STOP# signal (Figure 5-12, Dis- 
connect A/B). 


Result of no response on EISA: 
The PCEB initiates a standard length EISA memory 
write cycle and terminates normally. 


Initiator support: 
Data Path: Line Buffer when enabled, flow through 
when Line Buffer is disabled. 
Cycle Generation Conditions: 
As an initiator, the PCEB generates a PCI memory 
write cycle when it decodes an EISA memory write 
cycle destined to PCI, that can not be serviced by 
the Line Buffer because it is disabled. This occurs 
for EISA/ISA masters and DMA cycles when the 
Line Buffer is disabled. The PCEB also generates a 
memory write cycle when the Line Buffer needs to 
be flushed. The Line Buffer is flushed under several 
conditions, including when the 16 byte line is full, 
when there is a “miss” to the current 16 byte line, or 
when it is required by the buffer management logic. 
(See Section 6.0, Data Buffering). 
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As an initiator, the PCEB generates only linear incre- 
menting burst ordering that is signaled by 
AD[1:0] = ‘00’ during address phase. Other types 
of burst transfers (i.e., cache line toggle mode) are 
never initiated by the PCEB. 


Result of no response on PCI: Master abort due to 
DEVSEL# time-out. 


Configuration Read, Configuration Write 


Target support: 

Decode: via IDSEL pin 

Data Path: Flow through 

PCEB Response: 

The PCEB responds to configuration cycles by gen- 
erating DEVSEL# when its IDSEL signal is asserted, 
regardless of the address. During configuration cy- 
cles, AD[7:2] are used to address the PCEB’s con- 
figuration space. AD[31:8] are not used and are 
logical “‘don’t cares’. AD[1:0] must be zero. 


Result of no response on EISA: N/A 


Initiator support: 
Configuration cycles are never generated by the 
PCEB. 


Memory Read Multiple 


Target support: 

The PCEB aliases this command to a normal memo- 
ry read cycle. See the Memory Read command de- 
scription. 


Initiator support: 
Memory read multiple cycles are never generated by 
the PCEB. 


Memory Read Line 


Target support: 

The PCEB aliases this command to a normal memo- 
ry read. See the Memory Read command descrip- 
tion. 


Initiator support: 
Memory read line cycles are never generated by the 
PCEB. 
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Memory Write and invalidate 


Target support: 

PCEB Response: 

The PCEB treats this command like a memory write. 
See the Memory Write command description. 


Initiator support: 
Cycle Generation Conditions: The PCEB does not 
generate this command cycle. 


5.1.3 PCl TRANSFER BASICS 


The basic bus transfer mechanism on the PCI Bus is 
a burst. A burst is comprised of an address phase 
and one or more data phases. The PCI protocol 
specifies the following types of burst ordering (sig- 
naled via AD[1:0] during the address phase): 


AD[1:0] Burst Order 
0 0 Linear Incrementing 
0 1 Cache line toggle mode 
1 X Reserved 


The PCEB only supports linear incrementing burst 
ordering, both as a target and as an initiator. Data 
transfers for ordering other than linear incrementing 
are disconnected by the PCEB (burst split into multi- 
ple single data transfers). 


The fundamentals of all PCI data transfers are con- 
trolled with the following three signals: 


e FRAME # is driven by the PCI master to indicate 
the beginning and end of a transaction. 


e IRDY # is driven by the PCI master, allowing it to 
force wait states. 


e TRDY # is driven by the PCI target, allowing it to 
force wait states. 


The PCI Bus is idle when both FRAME # and IRDY # 
are negated. The first clock edge that FRAME# is 
sampled asserted is the address phase, and the ad- 
dress and bus command code are transferred on 
that clock edge. The next clock edge begins the first 
of one or more data phases. During the data phases, 
data is transferred between master and slave on 
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each clock edge that both IRDY # and TRDY# are 
sampled asserted. Wait states may be inserted by 
either the master (by negating IRDY #) or the target 
(by negating TRDY #). When a PCI master has one 
more data transfer to complete the cycle (which 
could be immediately after the address phase), it ne- 
gates FRAME#. IRDY# must be asserted at this 
time, indicating that the master is ready for the final 
data transfer. After the target indicates the final data 
transfer (TRDY# asserted), the master negates 
IRDY #, causing the target’s PCI interface to return 
to the idle state (FRAME # and IRDY # soy on 
the next clock edge. 


For |/O cycles, PCI addressing is on byte bounda- 
ries and all 32 AD lines are decoded to provide the 
byte address. For memory cycles, AD[1:0] are used 
to define the type of burst ordering. For configuration 
cycles, DEVSEL# is strictly a function of IDSEL#. 
Configuration registers are selected as Dwords us- 
ing AD[7:2]. The AD[1:0] must be 00 for the target 
to directly respond to the configuration cycle. The 
byte enables determine which byte lanes contain 
valid data. 


Each PCI agent is responsible for its own positive 
address decode. Only one agent (the PCEB) on the 
PCl Bus may use subtractive decoding. The little en- 
dian addressing model is used. 


The byte enables are used to determine which bytes 
carry meaningful data. These signals are permitted 
to change between data phases. The byte enables 
must be driven valid from the edge of the clock that 
starts each data phase and must stay valid for the 
entire data phase. In Figure 5-1, the data phases 
begin on clocks 3 and 4. (Changing byte enables 
during a read burst transaction is generally not use- 
ful, but is supported on the bus.) The master is per- 
mitted to change the byte enables on each new data 
phase, although the read diagram does not show 
this. The timing for changing byte enables is the 
same for read and write transactions. If byte enables 
are important for the target on a read transaction, 
the target must wait for the byte enables to be driven 
on each data phase before completing the transfer. 
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5.1.3.1. Turn-Around-Cycle Definition 


A turn-around-cycle is required on all signals that 
may be driven by more than one agent. The turn- 
around-cycle is required to avoid contention when 
one agent stops driving a signal and another agent 
begins, and must last at least one clock. The symbol 
that represents a turn-around-cycle in the timing re- 
lationship figures is a circular set of two lines, each 
with an arrow that points to the other’s tail. This turn- 
around-cycle occurs at different times for different 
signals. For example, the turn-around-cycle for 
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IRDY#, TRDY# and DEVSEL# occurs during the 


_ address phase and for FRAME#, C/BE# and AD, it 


occurs during the idle cycle. 


5.1.3.2 Idle Cycle Definition 


The cycle between clocks 7 and 8 in Figure 5-2 is 
called an idle cycle. Idle cycles appear on the PCI 
Bus between the end of one transaction and the be- 
ginning of the next. An idle cycle occurs when both 
FRAME # and IRDY # are negated. 


aS wae OO uaa, OT een ae ae ene ag, i wane eat cas a 
FRAME# SARC Ns, PROM MW Ue: 5 ee 7S Se STO ee CUNT SRR at A 
jp rye Xe 
CB/E# , 
IRDY# 


TRDY# ' 
DEVSEL# ' 
STOP# : 


AD[31:0] ‘XXX READ ADDR ) 
DEVSEL# 
STOP# 


BusCMD_ Xs BEWS-1 Ss XE W'S-2, XX BEW'S-3, XX __BEH'S-4, 
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Figure 5-2. PCl Master Read from the PCEB (Burst with Target Termination) 
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5.1.4 BASIC READ 


As a PCI master, the PCEB performs memory and 
|/O read transfers. Figure 5-1 shows a PCEB zero 
wait state burst read from PCI memory (PCEB is a 
master). If buffering of memory accesses is enabled, 
read transfers use prefetching. When reading data 
from PCI memory, the PCEB requests a minimum of 
16 bytes (one data line of the Line Buffer), via a four 
data phase burst read cycle, to fill one of its internal 
Line Buffers. The PCEB does not buffer PCI I/O 
reads and only required data is transferred during 
these cycles. Read cycles to PCI are generated on 
behalf of EISA/ISA masters and DMA devices. 


The PCEB asserts FRAME# on clock 1 and places 
the address on AD[31:2]. CB/E[3:0] # contain a val- 
id bus command. AD[1:0] contain the byte address 
for |/O cycles, burst order indication for memory cy- 
cles, and are 00 for configuration cycles. 


The clock following the address phase is the begin- 
ning of the data phase. During the data phase, 
C/BE[3:0] # indicate which byte lanes are involved 
in the transaction. If the byte lanes involved in the 
transaction are different for data 1 and data 2, the 
PCEB drives new C/BE[3:0] values on clock 4. 
C/BE[3:0] # remain active until the end of the burst 
transfer. 


The first data phase of a read transaction requires a 
turn-around-cycle, which is enforced by the target 
preventing the assertion of TRDY# until at least 
clock 3. The PCEB stops driving the address at 
clock 2. The target can not drive the AD bus until 
clock 3. This allows enough time for the PCEB to 
float its AD outputs. The target is required to drive 
the AD lines as soon as possible after clock 3, even 
though valid data may not be ready and the target 
may want to stretch the initial data phase by delay- 
ing TRDY#. This insures that the AD lines are not 
left floating for long intervals. The target must con- 
tinue to drive these lines until the end of the burst 
transaction. | 


A single data phase is completed when the initiator 
of the cycle samples TRDY # asserted on the same 
clock that IRDY# is asserted. To add wait states, 
the target must negate TRDY# for one or more 
clock cycles. As a master, the PCEB does not add 
wait states. In Figure 5-1, data is transferred on 
clocks 4 and 5. The PCEB knows, at clock 6, that 
the next data phase is the last and negates 
FRAME #. As noted before, the PCEB can burst a 
maximum of four data cycles when reading from PCI 
memory. 


As a PCI target, the PCEB responds to both I/O 
and memory read transfers. Figure 5-2 shows the 
PCEB, as a target, responding to a PCI master read 
cycle. For multiple read transactions, the PCEB al- 
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ways target terminates after the first data read trans- 
action by asserting STOP # and TRDY#. These sig- 
nals are asserted at the end of the first data phase. 
For single read transactions, the PCEB completes 
the cycle in a normal fashion (by asserting TRDY # 
without asserting STOP#). Figure 5-2 shows the 
fastest PCEB response to an access of an internal 
configuration register. During EISA Bus read access- 
es, the PCEB always adds wait states by negating 


TRDY # until the transfer on the EISA Bus is com- 
pleted. 


When the PCEB, as a target, samples FRAME # ac- 
tive during a read cycle and positively decodes the 
cycle, it asserts DEVSEL# on the following clock 
(clock 3 in Figure 5-2). Note that, if the PCEB sub- 
tractively or negatively decodes the cycle, 
DEVSEL # is not asserted for two to three PCICLK’s 
after FRAME# is sampled active. (See Section 
5.1.9, Device Selection.) When the PCEB asserts 
DEVSEL #, it also drives AD[31:0], even though val- 
id data is not available. TRDY # is also driven from 
the same clock edge but it is not asserted until the 
PCEB is ready to drive valid data. TRDY # is assert- 
ed on the same clock edge that the PCEB drives 
valid data on AD[31:0]. If the PCEB presents valid 
read data during the first data phase and FRAME # 
remains active (multiple transaction indicated), the 
PCEB asserts TRDY# and STOP *# to indicate tar- 
get termination of the transfer (Figure 5-2). If a single 
transaction is indicated (FRAME # is sampled inac- 
tive during the first data phase), the PCEB asserts 
TRDY # without asserting STOP #. 


5.1.5 BASIC WRITE 


Figure 5-3 shows the PCEB, as a master, writing to 
PCI memory in zero wait states. Figure 5-4 shows 
the fastest response of the PCEB, as a target, to a 
memory or I/O write transaction generated by a PCI 
master. 


As a PCI master, the PCEB performs memory write 
and |/O transfers. If buffering of memory accesses 
is enabled, write transfers are posted. When writing 
data to PCI memory, the PCEB writes a maximum of 
16 bytes (one line of the Line Buffer) using a burst 
write cycle. 1/O writes are always non-buffered 
transactions. 


The PCEB generates PCI write cycles on behalf of 
EISA masters and DMA devices, and when the 
PCEB flushes its internal Line Buffer. 


As a PCI target, the PCEB responds to both |/O 
and memory write transfers. If the EISA Bus is occu- 
pied, the PCI write is retried by the PCEB. When the 
PCEB owns the EISA Bus, the transaction proceeds. 
For burst |/O writes, the PCEB always target termi- 
nates after the first data transaction by asserting 
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STOP# and TRDY# at the end of the first data 
phase. If the internal Posted Write Buffer (PWB) is 
disabled during a burst memory write, the PCEB al- 
ways target terminates after the first data phase. 
When the PWB is enabled, there is a space in the 
buffer, and the EISA Bus is owned by the PCEB, the 
write is posted until the PWB is filled. Additional data 
phases, when the PWB is full, causes the PCEB to 
terminate the transaction with a retry. For single 
write transactions that are not terminated with retry, 
the PCEB finishes the cycle in a normal fashion by 
asserting TRDY # without asserting STOP #. 


Figure 5-4 shows the fastest PCEB response to a 
write cycle targeted to an internal PCI configuration 
register. During |/O write accesses to the EISA 
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Bus or during memory writes to the EISA Bus when 
the PWB is disabled, the PCEB always adds wait 
states. The PCEB adds wait states by holding 
TRDY # high until the transfer on the EISA Bus is 
completed. 


During a single memory write access to EISA memo- 
ry when the PWB is enabled, the PCEB performs the 
access in a one wait state cycle. (Note: This is due 
to timing constraints for address decoding that the 
PCI specification places on devices that can support 
0 wait write operations for the first data phase.) Dur- 
ing postable burst memory writes, only the first data 
phase has a wait state. The rest of the data phases 
(up to 4) are transferred in 0 wait states. 
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Figure 5-3. PCEB Write to PCI Memory 
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Figure 5-4. Fastest PCI Write to PCEB 
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5.1.6 CONFIGURATION CYCLES 


One of the requirements of the PCI specification is 
that upon power-up, PCI agents do not respond to 
any address. The only access allowed is through the 
IDSEL configuration mechanism. The PCEB is an 
exception to this since it controls access to the 
BIOS boot code. All PCEB/ESC subsystem address- 
es that are enabled after reset are accessible imme- 
diately after power up. 


The configuration read or write command is used to 
configure the PCEB. During the address phase of 
the configuration read or write cycle, the PCEB sam- 
ples its IDSEL (ID select) signal (not the address 
lines) to generate DEVSEL#. In this way, IDSEL 
acts as a chip select. During the address phase, 
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AD[7:2] are used to select a particular configuration 
register and BE[3:0] to select a particular byte(s). 
The PCEB only responds to configuration cycles if 
AD[1:0] = 00. Reference Figure 5-5 for configura- 
tion reads and writes. Note that IDSEL is normally a 
“don’t care’, except during the address phase of a 
transaction. Upon decode of a configuration cycle 
and sampling IDSEL active, the PCEB responds by 
asserting DEVSEL# and TRDY#. An unclaimed 
configuration cycle is never forwarded to the EISA 
Bus. 


Configuration cycles are not normally run in burst 
mode. If this happens, the PCEB splits the transfer 
into single cycles using the slave termination mecha- 
nism. 
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5.1.7 INTERRUPT ACKNOWLEDGE CYCLE 


The PCEB responds to an interrupt acknowledge cy- 
cle as decoded from the command during a valid 
address cycle (FRAME# asserted). The AD bus it- 
self is a “don’t care” to the PCEB during the ad- 
dress phase and, therefore, status of the internal 
PCI address decoder is not used for forwarding the 
cycle to the EISA Bus where the system interrupt 
controller resides. 


The PCEB converts the PCI interrupt acknowledge 
cycle into an EISA I/O read access to the address 
04h, with special semantics indicated to the ESC via 
the inter-chip signaling. Before the PCI interrupt ac- 
knowledge cycle can be converted into an EISA |/O 
read cycle, the EISA Bus must be owned. If the EISA 
Bus is not owned by the PCEB (EISAHLDA assert- 
ed), the PEREQ#/INTA# signal is asserted with 
PEREQ# semantics (PCI-to-EISA request). After the 
EISA Bus is acquired by the PCEB, the interrupt ac- 
knowledge sequence can proceed. The PCEB starts 
an I/O read cycle to address 04h and asserts 
PEREQ#/INTA# with INTA#_ semantics. The 
PEREQ#/INTA# remains asserted for the duration 
of the EISA I/O read cycle. Therefore, only a single 
pulse is generated on the PEREQ#/INTA# signal. 
Conversion of the single PCI interrupt ac- 
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knowledge cycle into two interrupt acknowledge 
pulses (that is required for 8259 compatibility) oc- 
curs inside the ESC where the 8259-based interrupt 
controller resides. The ESC’s EISA decoder uses 
the PEREQ#/INTA# signal (with INTA# seman- 
tics) to distinguish between normal I/O reads to the 
register located at address 04h (DMA1 Ch2 Base 
and Current Address) and the interrupt acknowledge 
sequence. The ESC holds the EISA Bus in wait 
states until the interrupt vector is returned to the 


PCEB (via SD[7:0]). The PCEB passes the vector to - 


the PCI via AD[7:0] and then terminates the cycles 
both on EISA and PCI. Note that for compatibility 
reasons, only the ESC (containing the DMA control- 
ler) can respond to the EISA I/O read from 04h. 


Figure 5-6 shows the PCI portion of a positively de- 
coded interrupt acknowledge sequence. The EISA 
portion of the sequence matches normal EISA I/O 
read timing, except that the PEREQ#/INTA# inter- 
chip signal is asserted during the bus cycle with 
INTA# semantics and, during the PCEB/ESC EISA 
Bus ownership exchange handshake, with PEREQ # 
semantics. Note that in order for the PCEB to posi- 
tively decode interrupt acknowledge cycles, bit 5 in 
the PCI Control register (PCICON) must be set to 1. 
Otherwise, interrupt acknowledge cycles will be sub- 
tractively decoded. 
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Figure 5-6. PCI Interrupt Acknowledge Cycle 
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5.1.8 EXCLUSIVE ACCESS 


Refer to Figures 5-7, 5-8, and 5-9 for exclusive ac- 
cess timing relationships. 


Target support: 


PCI provides an exclusive access mechanism that 
allows non-exclusive accesses to proceed in the 
face of exclusive accesses. This is referred to as a 
Resource Lock. (Note that the exclusive access 
mechanism that locks the entire bus is Bus Lock.) 
The PCEB, as a resource, can be locked by any PCI 
initiator. In the context of locked cycles, the PCEB 
and entire EISA subsystem are considered a single 
resource. (EISA subsystem is indirectly locked dur- 
ing an exclusive access to the PCEB.) A locked ac- 
cess to any address contained within the EISA sub- 
system locks the entire subsystem from the PCI 
side. The PLOCK # signal is propagated to the EISA 
LOCK # signal. Note that write posting (PCI-to-EISA) 
is disabled for PCI locked cycles propagated to the 
EISA subsystem. The EISA Bus is not released to 
the ESC until the locked sequence is complete. A 
subsequent PCI initiator access to the EISA subsys- 
tem, while it is locked, results in a retry. The PCEB 
becomes locked when it is the target of the access 
and PLOCK# is sampled negated during the ad- 
dress phase. The PCEB remains locked until 
FRAME # and PLOCK# are both sampled negated. 
When in a locked state, the PCEB only accepts re- 
quests when PLOCK# is sampled negated during 
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the address phase. If PLOCK# is asserted during 
the address phase, the PCEB responds by asserting 
STOP # with TRDY# negated (RETRY). 


As an unlocked target, the PCEB ignores PLOCK # 
when deciding if it should respond to a PCI address 
decoder hit. Also, if PLOCK# is sampled asserted 
during an address phase, the PCEB does not go into 
a locked state. 


As a locked target, the PCEB responds to an initiator 
when it samples PLOCK# negated during the ad- 
dress phase of the cycle in which the PCEB is the 
target of the access. The locking master may negate 
PLOCK# at the end of the last data phase. When 
FRAME # and PLOCK# are both sampled negated, 
the PCEB goes to the unlocked state. 


Note that the PCEB does not release the EISA Bus 
when it is in the locked state. 


Initiator support: 


When an EISA locked access to the PCI is encoun- 
tered (EISA LOCK# asserted), the cycle is propa- 
gated to the PCI Bus as a PCI locked cycle. Line 
Buffers in the PCEB are bypassed. The PLOCK# 
signal must be negated (released) before an EISA 
agent can be granted the EISA Bus. Thus, when the 
PCEB acquires the PCI Bus on behalf of the EISA 
agent, a PCIl LOCKED cycle can be performed, if 
needed. 


290477-55 


290477-56 


Figure 5-8. Continuing Locked Cycle 
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Figure 5-9. Access to Locked Target with PLOCK # Asserted During Address Phase 


5.1.9 DEVICE SELECTION 


The PCEB asserts DEVSEL# to indicate that it is 
the target of the PCI transaction. DEVSEL# is as- 
serted when the PCEB, as a target, positively, sub- 
tractively, or negatively decodes the PCI transaction. 
In all cases except one, once the PCEB asserts 
DEVSEL#, the signal remains asserted until 
FRAME # is negated (IRDY # is asserted) and either 
STOP# or TRDY# is asserted. The exception is a 
target abort, described in Section 5.1.10, Transac- 
tion Termination. 


FRAME# 
IRDY# 


TRDY# 
DEVSEL# 


For most systems, PCI target devices are able to 
complete a decode and assert DEVSEL# within 2 or 
3 clocks of FRAME# (medium and slow in Figure 
5-10). Accordingly, since the PCEB subtractively or 
negatively decodes all unclaimed PCI cycles (except 
configuration cycles), it provides a configuration op- 
tion to reduce by 1 or 2 clocks the edge at which it 
samples DEVSEL#, allowing faster access to the 
expansion bus. Use of this option is limited by the 
slowest positive decode agent on the bus. This is 
described in more detail in Section 4.0, Address De- 
coding. 
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Figure 5-10. Device Selection (DEVSEL #) 
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5.1.10 TRANSACTION TERMINATION 


Termination of a PCi cycle can be initiated by either 
a master or a target. The PCEB supports both mas- 
ter and target initiated termination. All transactions 
are concluded when FRAME # and IRDY# are both 
sampled negated, indicating that the PCI Bus is idle. 


5.1.10.1 Master Initiated Termination 


The PCEB supports three types of master initiated 
termination: 


Completion: Refers to the termination when the 
PCEB finishes the transaction normal- 
ly. This is the most common type of 


termination. 


Refers to termination when the 
PCEB’s GNT # line is negated and its 
internal Master Latency Timer has ex- 
pired. The intended transaction is not 
necessarily concluded. The timer may 
have expired because of a target-in- 
duced access latency, or because the 
intended operation was very long. 


Refers to termination when there is 
no target response (no DEVSEL # as- 
serted) to a transaction within the pro- 
grammed DEVSEL# response time. 


Time-out: 


Abort: 


FRAME# 


TRDY# 
DEVSEL# 
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Completions and time-outs are common while the 
abort is an abnormal termination. A normal termina- 
tion of this type can be seen in Section 5.1.4 and 


5.1.5 in the descriptions of the basic PCI read and 
write transaction. 


The PCEB sends out a master abort (Figure 5-11) 
when the target does not respond to the PCEB-ini- 
tiated transaction by asserting DEVSEL#. The 
PCEB checks DEVSEL# based on the programmed 
DEVSEL# sample point. If DEVSEL# is not assert- 
ed by the programmed sample point, the PCEB 
aborts the transaction by negating FRAME#, and 
then, one clock later, negating IRDY #. The master 
abort condition is abnormal and it indicates an error 
condition. The PCEB does not retry the cycle. 


If the transaction is an EISA-to-PCIl memory or I/O 
write, the PCEB terminates the EISA cycle with 
EXRDY. If the transaction is an EISA-to-PCl memory 
or I/O read, the PCEB returns FFFFFFFFh on the 
EISA Bus. This is identical to the way an unclaimed 
cycle is handled on the “normally ready” EISA Bus. 
lf the Line Buffer is the requester of the PCI transac- 
tion, the master abort mechanism ends the PCI cy- 
cle, but no data is transferred into or out of the Line 
Buffer. The Line Buffer does not retry the cycle. The 
Received Master Abort Status bit in the PCI Status 
Register is set to 1 indicating that the PCEB issued a 
master abort. 
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Figure 5-11. Master Initiated Termination (Master Abort) 
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5.1.10.2 Target Initiated Termination 


The PCEB supports two forms of target-initiated ter- 
mination: 


Disconnect: A_ disconnect termination occurs 
when the target is unable to respond 
within the latency guidelines of the 
PCI specifications. Note that this is 
not usually done on the first data 


phase. 


Retry refers to a termination request- 
ed because the PCEB is currently in a 
state that makes it unable to process 
the transaction. 


Retry: 


Figures 5-12 and 5-13 show four types of target-ini- 
tiated terminations. In general, the PCEB initiates a 
disconnect for PCI cycles destined to EISA after the 
first data phase due to incremental latency require- 
ments. The exception is the case of a PCI memory 
write cycle destined to the EISA subsystem when 
Posted Write Buffers (PWB) are enabled and there is 
a space available in the PWB. When the PWBs are 
completely full, the PCEB generates a disconnect 
during burst access. If the first data phase can not 
be posted, the PCEB generates a retry. 


CLK 
-FRAME# 


IRDY# 


TRDY# 
STOP# 


DEVSEL# 
Disconnect - A 
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The difference between disconnect and retry is that 
the PCEB does not assert TRDY# for the retry 
case. This instructs the initiator to retry the transfer 
at a later time. No data is transferred in a retry termi- 
nation since TRDY # and IRDY # are never both as- 
serted. The PCEB retries a PCI initiator when: 


e the PCEB buffers require management activity. 


e the PCEB is locked and another PCI device at- 
tempts to select the PCEB without negating 
PLOCK# during the address phase. 


e the EISA Bus is occupied by an EISA/ISA master 
or DMA. 


e the cycle is a memory write and the Posted Write 
Buffer is full. 


Target abort is another form of target-initiated termi- 
nation. Target abort resembles a retry, though the 
target must also negate DEVSEL#, along with as- 
sertion of STOP #. As a target, the PCEB never gen- 
erates a target abort. 


As a master, if the PCEB receives a target abort, it 
relinquishes the PCI Bus and sets the Received Tar- 
get Abort Status bit in the PCI Status Register to a 1. 


Disconnect - B 
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Figure 5-12. Target Initiated Termination 
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Figure 5-13. Target Initiated Termination 
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5.1.10.3 PCEB Target Termination Conditions 


As a target, the PCEB terminates a transaction due 
to the following conditions: 


Disconnect 


e When a target, the PCEB always responds with a 
disconnect to a multiple data phase transaction 
(see the Incremental Latency Timer section), ex- 
cept in the case of memory write transactions, 
which can be posted. During posting, as soon as 
all PWBs are occupied the PCEB terminates the 
cycle using disconnect semantics. This is be- 
cause the next data phases would exceed the 8 
PCI clock incremental latency limit and the PCI 
would be kept in wait states for more than 2 
BCLKs (= 8 PCICLKs), until one of the PWBs is 
emptied to its destination on the EISA Bus. 


Retry 


¢ For memory write cycles when all posted write 
buffers are full. (See Section 6.0, Data Buffering.) 


e When the pending PCI cycle initiates buffer man- 
agement activity. 


e When the PCEB is locked, as a resource, and a 


PCI master tries to access the PCEB without neg- | 


ating the PLOCK# signal in the address phase. 


e When the EISA Bus is occupied by an EISA/ISA 
master or DMA. 


Target Abort 
e The PCEB never generates a target abort. 


5.1.10.4 PCEB Master Termination Conditions 


As an initiator, the PCEB terminates a transaction 
due to the following conditions: 


¢ Completion termination is always used by the 
PCEB signaling to the target that the PCEB is 
ready to complete the final data phase of the 
transaction. 


e Master abort termination is issued if the PCEB 
does not receive a DEVSEL # from a target within 
five PCICLK’s after FRAME# assertion. The 
PCEB sets the Received Master Abort Status bit 
in the PCI Status Register to a 1. 


e Master initiated termination (disconnect) due to 
Master Latency Timer expiration when the 
PCEB’s PCI Bus grant is removed (PCEBGNT # 
negated). 


5.1.10.5 PCEB Responses/Results of 
Termination 


PCEB’s response, as a target, to a master termina- 
tion: 
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¢ Completion termination is the normal way of ter- 
minating a transaction. 


e |f a PCI initiator times out due to LT time-out and 
ends the current transaction, the PCEB cannot 
detect a difference between normal completion 
termination and time-out forced termination. 


PCEB’s response as a master to target termination: 


e |f the PCEB receives a target abort, it means that 
the target device is not capable of handling the 
transaction. The PCEB does not try the cycle 
again. If an EISA/ISA master or the DMA is wait- 
ing for the PCI cycle to terminate (EXRDY negat- 
ed), the target abort condition causes the PCEB 
to assert EXRDY to terminate the EISA cycle. 
Note that write data is lost and the read data is 
meaningless. This is identical to the way an un- 
claimed cycle is handled on the ‘“‘normally ready” 
EISA Bus. If the Line Buffer is the requester of 
the PCI transaction, the target abort mechanism 
ends the PCI cycle, but no valid data transfers 
are performed into or out of the Line Buffer. The 
Line Buffer does not try the cycle again. The Re- 
ceived Target Abort Status bit in the PCI Status 
Register is set to 1 indicating that the PCEB ex- 
perienced a target abort condition. 


e If the PCEB is retried as an initiator on the PCI 
Bus, it will remove its request for 2 PCI clocks 
before asserting it again to retry the cycle. 


e |f the PCEB is disconnected as an initiator on the 
PCI Bus, it will respond very much as if it had 
been retried. The difference between retry and 
disconnect is that the PCEB did not see any data 
phase for the retry. Disconnect may be generated 
by a PCI slave when the PCEB is running a burst 
memory cycle to empty or to fill one line (16-byte) 
of the Line Buffers. In this case, the PCEB may 
need to finish a multi-data phase transfer and re- 
cycles through arbitration as required for a retry. 
An example is when an EISA agent (EISA/ISA 
master or DMA) issues a read request that the 
PCEB translates into a 16-byte prefetch (one line) 
and the PCEB is disconnected before the Line 
Buffer is completely filled. 


5.1.11 PCl DATA TRANSFERS WITH SPECIFIC 
BYTE ENABLE COMBINATIONS 


Non-Contiguous Combination of Byte Enables 


As a master, the PCEB might generate non-contigu- 
ous combinations of data byte enables because of 
the nature of assembly operations in the Line Buff- 
ers. 


| 
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As a target, the PCEB might need to respond to a 
non-contiguous combination of data byte enables. 
These cycles can not be passed directly to the EISA 
Bus; the EISA Bus specification does not allow non- 
contiguous combinations of byte enables. If this situ- 
ation occurs, the PCEB splits the 32-bit transactions 
into two 16-bit transactions by first performing the 
lower word transfer (indicated by BE1# and BEO#) 
and then the upper word transfer (indicated by 
BE3# and BE2#). 


BE[3:0] # = 1111 


As a master, the PCEB might generate this combina- 
tion of data byte enables during Line Buffer flush 
operations (burst write) to optimize the usage of the 
PCl Bus. Correct parity is driven during this transac- 
tion on the PCI Bus. 


As a target, the PCEB might need to respond to 
this combination of data byte enables. If 
BE[3:0] # = 1111, the PCEB completes the transfer 
by asserting TRDY# and providing parity for read 
cycles. The PCEB does not forward the cycle to the 
EISA Bus and data is not posted in the Posted Write 
Buffers. 


5.2 PCi Bus Latency 


The PCI specification provides two mechanisms that 
limit a master’s time on the bus. They ensure pre- 
dictable bus acquisitions when other masters are re- 
questing bus access. These mechanisms are mas- 
ter-initiated termination supported by a Master La- 
tency Timer (MLT) and a target-initiated termination 
(specifically, disconnect) supported by a target’s in- 
cremental latency mechanism. 


5.2.1 MASTER LATENCY TIMER (MLT) 


The PCEB has a programmable Master Latency 
Timer (MLT). The MLT is cleared and suspended 
whenever the PCEB is not asserting FRAME#. The 
MLT is controlled via the MLT Register (see Section 
4.1, PCEB Configuration Registers). When the 
PCEB, as a master, asserts FRAME #, it enables its 
MLT to count. If the PCEB completes its transaction 
(negates FRAME#) before the count expires, the 
MLT is ignored. If the count expires before the trans- 
action completes (count = number clocks pro- 
grammed into the MLT Register ), the PCEB initiates 
a transaction termination as soon as its GNT# is 
removed. The number of clocks programmed into 
the MLT Register represents the guaranteed time 
. Slice (measured in PCICLKs) allotted to the PCEB; 
after which it surrenders the bus as soon as its 
GNT # is removed. (Actual termination does not oc- 
cur until the target is ready.) 
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5.2.2 INCREMENTAL LATENCY MECHANISM 


As a target, the PCEB supports the Incremental La- 
tency Mechanism for PCI-to-EISA cycles. The PCI 
specification states that for multi-data phase PCI cy- 
cles, if the incremental latency from current data 
phase (N) to the next data phase (N+ 1) is greater 
than eight PCICLKs, the target must manipulate 
TRDY# and STOP# to stop the transaction after 
the current data phase (N). If the PCEB’s internal 
PWBs are enabled, the EISA Bus is owned by the 
PCEB, and there is a space available in the PWBs, 
then the PCI memory cycles destined to EISA are 
posted until all PWBs are occupied. When the PWBs 
are occupied, the following cycle is disconnected (in 
the case of burst) or retried (in the case of single 
cycles). All other PCI-to-EISA cycles (memory read 
and I/O read or write) are automatically terminated 
(during a burst) after the first data phase because 
they require more than eight PCICLKs to complete 
on the EISA Bus. 


Therefore, the PCEB does not need to specifically 
implement an 8 PCICLK timer and the PCEB han- 
dies a disconnect in a pre-determined fashion, 
based on the type of current transaction. 


5.3 PCI Bus Parity Support and Error 
Reporting 


PCI provides for parity and asynchronous system er- 
rors to be detected and reported separately. The 
PCEB/ESC chip set implements both mechanisms. 
The PCEB implements only parity generation and 
checking and it does not interface to the SERR# 
signal. Reporting of both PERR# and SERR# indi- 
cated errors is implemented in the ESC. 


5.3.1 PARITY GENERATION AND CHECKING 


The PCEB supports parity generation and checking 
on the PCI Bus. During the address and data phas- 
es, parity covers AD[31:0] and the C/BE[3:0] # 
lines, regardless of whether or not all lines carry 
meaningful information. Byte lanes that are not actu- 
ally transferring data are still required to be driven 
with stable (albeit meaningless) data and are includ- 
ed in the parity calculation. Parity is calculated such 
that the number of 1s on AD[31:0], C/BE[3:0] #, 
and the PAR signals is an even number. 


The role of the PCEB in parity generation/checking 
depends on the phase of the cycle (address or 
data), the type of bus cycle (read or write), and 
whether the PCEB is a master or target. The follow- 
ing paragraphs and Figure 5-14 summarize behavior 
of the PCEB during the address and data phase of a 
PCI Bus cycle. 
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Figure 5-14. Parity Operation 


5.3.1.1 Address Phase 


As a master, the PCEB drives AD[31:0] and 
C/BE[3:0] # and calculates the corresponding parity 
value and drives it on the PAR signal, 1 clock later. 
As a target, the PCEB does not check parity during 
the address phase of a bus cycle. 


5.3.1.2 Data Phase 


As a master during a write cycle, the PCEB drives 
AD[31:0] and C/BE[3:0] # and calculates the corre- 
sponding parity value and drives it on the PAR sig- 
nal, 1 clock later. 


As a master during a read cycle, the PCEB only 
drives C/BE[31:0] #. The responding target drives 
AD[31:0] lines (data) and calculates parity based on 
the received C/BE[3:0]# and outgoing AD[31:0] 
signals. The target drives PAR during the following 
clock. The PCEB calculates parity based on the out- 
going C/BE[3:0] # and the incoming AD[31:0] sig- 
nals at the end of the data phase. It compares it with 
the incoming value of the PAR signal and asserts 
PERR # if there is no match. 


As a target during a write cycle, the PCEB calculates 
parity on the incoming AD[31:0] and C/BE[3:0] # 
signals, and compares the result on the next clock 
with the incoming value on the PAR signal. If the 
value does not match, the PCEB asserts PERR#. 


As a target during a read cycle, the PCEB calculates 
parity on the incoming C/BE[3:0]# and outgoing 
AD[31:0] signals. The PCEB drives the calculated 
parity value during the next clock. The master of the 
transaction receives the data, calculates parity on its 
outgoing C/BE[3:0] # and incoming AD[31:0] sig- 
nals and compares its calculated value, on the next 
clock, with the parity value on the PAR signal (sup- 
plied by the PCEB). If the values do not match, the 
master asserts PERR#. 
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5.3.2 PARITY ERROR—PERR# SIGNAL 


When the PCEB is involved in a bus transaction 
(master or target), it asserts the PERR# signal, if 
enabled via the PCICMD Register, to indicate a pari- 
ty error for the bus cycle. PERR # is a sustained tri- 
state (s/t/s) type of signal (see Section 2.0, Signal 
Description). Note that PCI parity errors signaled by 
PERR #, are reported to the host processor via the 
ESC’s system interrupt control logic. When the 
PCEB detects a parity error during one of its bus 
transactions, it sets the parity error status bit in the 
PCI Status Register, regardless of whether the 
PERR # signal is enabled via the PCICMD Register. 


5.3.3 SYSTEM ERRORS 


The PCEB does not generate system errors 
(SERR #). Thus, the PCEB does not have the capa- 
bility of indicating parity errors during the address 
phase in which it is a potential target (i.e., not a mas- 
ter). Note that system errors are reported via the 
ESC (companion chip). ; 


5.4 PCI Bus Arbitration 


The PCEB contains a PCI Bus arbiter that supports 
six PC] Bus masters—The Host/PCl Bridge, PCEB, 
and four other masters. The PCEB’s REQ#/GNT # 
signals are internal. If an external arbiter is used, the 
internal arbiter can be disabled. When disabled, the 
PCEB’s internal REQ#, GNT#, and RESUME # sig- 
nals become visible for an external arbiter (via the 
GNT0#/PCEBREQ#, REQO#/PCEBGNT#, and 
GNT1#/RESUME# dual-function signal pins, re- 
spectively). During power-up, the internal arbiter is 
enabled if CPUREQ# is sampled high when 
PCIRST # makes a low-to-high transition. 
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The internal arbiter contains several features that 

contribute to system efficiency: 

e Use of the internal RESUME # signal to re-enable 
a backed-off initiator in order to minimize PC! Bus 
thrashing when the PCEB generates a retry. 

e A programmable timer to re-enable retried initia- 
tors after a number of PCICLK’s. _ 

e A programmable PCI Bus lock or PCI resource 
lock function. 


e The CPU (Host/PCl) can be optionally parked on 
the PCI Bus. 
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In addition, the PCEB has three PCI sideband sig- 
nals (FLUSHREQ#, MEMREQ#, and MEMACK #) 
that are used to control system buffer coherency 
and control operations for the Guaranteed Access 
Time (GAT) mode. 


5.4.1 PC! ARBITER CONFIGURATION 


The PCI arbitration priority scheme is programmable 
through the configuration registers. The arbiter con- 
sists of four (4) banks that can be configured so that 
the six (6) masters can be arranged in a purely rotat- 
ing priority scheme, one of 24 fixed priority schemes, 
or a hybrid combination. 
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Figure 5-15. Arbiter Conceptual Block Diagram 


NOTE: 
PCEBREQ#/PCEBGNT# are PCEB internal signals. 
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The PCEB implements PCI arbiter priority configura- 
tion registers ARBPRI and ARBPRIX mapped in the 
PCl’s configuration space. Definition of the registers 
is as follows: 


ARBPRI 
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This register defaults to 04h at reset.. This selects 
fixed mode #4 with the CPU the highest priority de- 
vice guaranteeing that BIOS accesses can take 
place. 


ARBPRIX 


| Bit | Description 
/ 0 | Bank 3 Fixed Priority Mode select 
Reserved 


This register defaults to 00h at reset. Default value 
selects REQ1# as a higher priority request than 
REQ2# when Bank 3 operates in the fixed priority 
mode. | 


5.4.1.1 Fixed Priority Mode 


The twenty four selectable fixed priority schemes 
are listed in Table 5-2. 


Table 5-2. Fixed Priority Mode Bank Control Bits 
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Table 5-2. Fixed Priority Mode Bank Control Bits (Continued) 
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Note that these two tables are permutations of the bank. Bits 4-7 must all be programmed to 0’s (ro- 
same table with different value of the Bank 3 fixed tate mode disabled) to get these combinations. 
priority control bit. 
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The selectable fixed schemes provide 24 of the 128 
The fixed bank control bit(s) selects which requester possible fixed mode permutations possible for the 
is the highest priority device within that particular six masters. 
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5.4.1.2 Rotating Priority Mode 


When any bank rotate control bit is set to a one, that 
particular bank rotates between the requesting in- 
puts. Any or all banks can be set in rotate mode. If 
all four banks are set in rotate mode, the six support- 
ed masters are all rotated and the arbiter is in a pure 
rotating priority mode. If, within a rotating bank, the 


highest priority device (a) does not have an active | 


request, the lower priority device (b or c) will be 
granted the bus. However, this does not change the 
rotation scheme. When the bank toggles, device b is 
the highest priority. Because of this, the maximum 
latency a device can encounter is two complete ro- 
tations. 


5.4.1.3 Mixed Priority Mode 


Any combination of fixed priority and rotate priority 
modes can be used in different arbitration banks to 
achieve a specific arbitration scheme. 


5.4.1.4 Locking Masters 


When a master acquires the PLOCK# signal, the 
arbiter gives that master highest priority until 
PLOCK# is negated and FRAME # is negated. This 
insures that a master that locked a resource will 
eventually be able to unlock that same resource. 


5.4.2 POWER-UP CONFIGURATION 


The PCEB’s internal arbiter is enabled if CPUREQ# 
is sampled high on the low-to-high edge of 
PCIRST #. After PCIRST #, the internal arbiter, if en- 
abled, is set to fixed priority mode number 4 with 
CPU parking turned off. Fixed mode number 4 guar- 
antees that the CPU is capable of accessing BIOS to 
configure the system, regardless of the state of the 
other REQ#’s. Note that the Host/PCI Bridge 
should drive CPUREQ# high during the rising edge 
of PCIRST #. When the internal arbiter is enabled, 
the PCEB acts as the central resource and drives 
AD[31:0], C/BE[3:0] #, and PAR when no device is 
granted the PCI Bus and the bus is idle. The PCEB 
always drives these signals when it is granted the 
bus (PCEBGNT # and PCI Bus idle) and as appropri- 
ate when it is the master of a transaction. After re- 
set, if the internal arbiter is enabled, CPUGNT#, 
GNT[3:0] #, and the internal PCEBGNT¥ are driv- 
en, based on the arbitration scheme and the assert- 
ed REQ#’s. 
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lf an external arbiter is present in the system, the 
CPUREQ# signal should be tied low. When 
CPUREQ# is sampled low on the rising edge of the 
PCIRST #, the internal arbiter is disabled. When the 
internal arbiter is disabled, the PCEB does not drive 
AD[31:0], C/BE[3:0] #, and PAR as the central re- 
source. The PCEB only drives these signals when it 
is granted the bus (PCEBGNT # and idle bus) and as 
appropriate when it is the master of a transaction. 
lf the internal arbiter is disabled, GNTO# 
becomes PCEBREQ# (output signal), GNT1# be- 
comes RESUME # (output signal), and REQO# be- 
comes PCEBGNT # (input signal). This exposes the 
normally embedded PCEB arbitration signals. Since 
these signals retain their input/output character 
there is no contention issue. 


5.4.3 ARBITRATION SIGNALING PROTOCOL 


An agent requests the PCI Bus by asserting its 
REQ#. When the arbiter determines that an agent 
may use the PCI Bus, it asserts the agent’s GNT #. 
Figure 5-16 shows an example of the basic arbitra- 
tion cycle. Two agents (A and B) are used to illus- 
trate how the arbiter alternates bus accesses. Note 
in Figure 5-16 that the current owner of the bus may 
keep its REQ# (REQ#-A) asserted when it requires 
additional transactions. 


REQ#-A is asserted prior to or at clock 1 to request 
use of the PCI Bus. Agent A is granted access to the 
bus (GNT#-A is asserted) at clock 2. Agent A may 
start a transaction at clock 2 because FRAME # and 
IRDY # are negated and GNT #-A is asserted. Agent 
A’s transaction starts when FRAME# is asserted 
(clock 3). Agent A requests another transaction “s 
keeping REQ#-A asserted. 


When FRAME # is asserted on clock 3, the arbiter 
determines that agent B has priority and asserts 
GNT#-B and negates GNT#-A on clock 4. When 
agent A completes its transaction on clock 4, it relin- 
quishes the bus. All PCl agents can determine the 
end of the current transaction when both FRAME # 
and IRDY # are negated. Agent B becomes the PCI 
Bus owner on clock 5 (FRAME# and IRDY# are 
negated) and completes its transaction on clock 7. 
Note that REQ#-B is negated and FRAME # is as- 
serted on clock 6, indicating that agent B requires 
only a single transaction. The arbiter grants the next 
transaction to agent A because its REQ # is still as- 
serted. 


intel. 


5.4.3.1 REQ# and GNT# Rules 


Figure 5-16 illustrates basic arbitration. Once assert- 

ed, GNT # may be negated according to the follow- 

ing rules: ] : 

1. lf GNT# is negated at the same time that 
FRAME # is asserted, the bus transaction is valid 
and will continue. 


2. One GNT# can be negated coincident with an- 
other being asserted, if the bus is not in the idle 
state. Otherwise, a one clock delay is incurred be- 
tween the negation of the current master’s GNT # 
and assertion of the next master’s GNT#, to 
comply with the PCI specification. 


3. While FRAME # is negated, GNT # may be negat- 
ed, at any time, in order to service a higher priority 
master, or in response to the associated REQ# 
being negated. 


4. lf the MEMREQ# and MEMACK# are asserted, 
once the PCEB is granted the PCI Bus, the arbiter 
will not remove the internal grant until the PCEB 
removes its request. 
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5.4.3.2 Back-to-Back Transactions 


Figure 5-17 illustrates arbitration for a back-to-back 
access. There are two types of back-to-back trans- 
actions by the same initiator; those that do not re- 
quire a turn-around-cycle (see Section 5.1.3.1, Turn- 
Around-Cycle Definition) and those that do. A turn- 
around-cycle is not required when the initiator’s sec- 
ond transaction is to the same target as the first 
transaction (to insure no TRDY# contention), and 
the first transaction is a write. This is a fast back-to- 
back. Under all other conditions, the initiator must 
insert a minimum of one turn-around-cycle. 


During a fast back-to-back transaction, the initiator 


~ starts the next transaction immediately, without a 


turn-around-cycle. The last data phase completes 
when FRAME# is negated, and IRDY# and 
TRDY # are asserted. The current initiator starts an- 
other transaction on the same PCICLK that the last 
data is transferred for the previous transaction. 


As a master, the PCEB does not know if it is access- 
ing the same target, and, thus, does not generate 
fast back-to-back accesses. As a slave, the PCEB is 
capable of decoding fast back-to-back cycles. 
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Figure 5-17. Arbitration for Back-to-Back Access 
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5.4.4 RETRY THRASHING RESOLVE 


When a PCI initiator’s access is retried, the initiator 
releases the PC! Bus for a minimum of two PCI 
clocks and then normally requests the PCI Bus 
again. To avoid thrashing of the bus with retry after 
retry, the PCI arbiter’s state tracer provides REQ# 
masking. Tracking retried masters requires latching 
GNT# during FRAME# so that the correct retried 
master can be masked. The state tracer masks a 
REQ# after that particular agent is retried on the 
PCI Bus. The state tracer differentiates between two 
retry events. The two events include: 


1. PCEB target retries 
2. All other retries 


For initiators that were retried by the PCEB as a tar- 
get, the masked REQ# is flagged to be cleared 
upon RESUME #¥ active. All other retries trigger the 
Master Retry Timer (described in Section 5.4.4.2, 
Master Retry Timer). When this timer expires, the 
mask is cleared. 


5.4.4.1 Resume Function (RESUME #) 


The PCEB forces a retry to a PCI master (resulting in 

the masking the REQ# of that master) for the fol- 

lowing: 

1. Buffer management activities (see Section 6.0, 
Data Buffering) | 


2. The EISA Bus is occupied by an EISA/ISA master 
or DMA 


3. The PCI-to-EISA Posted Write Buffer’is full 


4. The PCEB is locked as a resource and PLOCK # 
is asserted during the address phase. 


The PCEB asserts RESUME # (internal or external) 
for a clock cycle when the PCEB has retried a PCI 
cycle for one of the above reasons and that condi- 
tion passes. RESUME # is pulsed when: 


1. The buffer management triggered by the retried 
cycle is complete. 


2. The EISA Bus that caused retry because it was 
occupied becomes available. 


3. The PWB that caused retry because it was full 
becomes available. 


4. An exclusive access to the PCEB that caused re- 
try of the non-exclusive access has completed 
(PCEB unlocked). 


When RESUME# is asserted, it unmasks the 
REQ#s that are masked and flagged to be cleared 
by RESUME #. The RESUME # signal becomes visi- 
ble as an output when the internal arbiter is disabled. 
This allows an external arbiter to optionally avoid re- 
try thrashing associated with the PCEB (i.e., EISA 
Bus) as a target. When asserted, RESUME # is as- 
serted for one PCICLK. 
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5.4.4.2 Master Retry Timer 


For any other retried PCI cycle, the arbiter masks the 
REQ# and flags it to be cleared by the expiration of 
a programmable timer. The first retry in this category 
triggers the programmable timer. Subsequent retries 
in this category are masked but do not reset the 
timer. Expiration of this programmable timer un- 
masks all REQ#s that are masked for this reason. 
The Retry Timer is programmable to 0 (disabled), 
16, 32, or 64 PCICLKs. 


lf no other PCI masters are requesting the PCI Bus, 
all of the REQ#s masked for the timer are cleared 
and the timer is set to 0. Note that when there is a 
pending request that is internally masked, the PCEB 
does not park the CPU on the PCI Bus (i.e., PCI 
agent that uses CPUREQ #/CPUGNT # signal pair). 
This is necessary to assist the Host/PCl bridge in 
determining when to re-enable its disabled posted 
write buffers. 


5.4.5 BUS LOCK MODE 


As an option, the PCEB arbiter can be configured to 
run in Bus Lock Mode or Resource Lock Mode (de- 
fault). The Bus Lock Mode is used to lock the entire 
PCi Bus. This may improve performance in some 
systems that frequently run quick read-modify-write 
cycles (i.e., access to the VGA frame buffer using 
the XCHG x86 instruction that automatically asserts 
the CPU LOCK# signal). Bus Lock Mode emulates 
the LOCK environment found in today’s PC by re- 
stricting bus ownership when the PCI Bus is locked. 
While Bus Lock Mode improves performance in 
some systems, it may cause performance problems 
in other systems. With Bus Lock enabled, the arbiter 
recognizes a LOCK # being driven by an initiator and 
does not allow any other PCI initiator to be granted 
the PC! Bus until LOCK# and FRAME# are both 
negated, indicating the master released lock. When 
Bus Lock is disabled, the default resource lock 
mechanism is implemented (normal resource lock) 
and a higher priority PCI initiator could intervene be- 
tween the cycles that are part of the locked se- 
quence and run non-exclusive accesses to any un- 
locked resource. 


CAUTION: 


Bus Lock mode should not be used with non-GAT 
mode. If the system is initialized for both Bus Lock 
mode and non-GAT mode a deadlock situation 
might occur in the case where the first access to the 
locked device is a write instead of a read and the 
locked device has data in its internal posted write 
buffer. In GAT mode and/or Resource Lock mode 
this condition can not happen. If it is absolutely nec- 
essary to operate the system in the above men- 
tioned combination of modes, then the posted write 
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buffers of the device that might be involved in locked 


operations (typically semaphore in main memory) 
must be disabled. 


5.4.66 MEMREQ#, FLSHREQ#, AND MEMACK# 
PROTOCOL 


Before an EISA master or DMA can be granted the 
PCI Bus, it is necessary that all PCI system posted 
write buffers be flushed (including the PCEB Posted 
Write Buffer). Also, since the ElSA-originated cycle 
could access memory on the Host/PCl Bridge, it is 
possible that the EISA master or DMA could be held 
in wait states (via EXRDY) waiting for the Host/PCI 
Bridge arbitration for longer than the 2.1 ws EISA/ 
ISA specification. The PCEB has an optional mode 
called Guaranteed Access Time mode (GAT) that 
ensures that this timing specification is not violated. 
This is accomplished by delaying the EISA grant sig- 
nal to the requesting master or DMA until the EISA 
Bus, PCI Bus, and the system memory bus are arbi- 
trated for and owned. 


The three sideband _ signals, MEMREQ#, 
FLSHREQ#, and MEMACK# are used to support 
the system Posted Write Buffer flushing and Guaran- 
teed Access Time mechanism. The MEMACK # sig- 
nal is the common acknowledge signal for both 
mechanisms. Note that, when MEMREQ # is assert- 
ed, FLSHREQ# is also asserted. Table 5-3 shows 
the relationship between MEMREQ# _ and 
FLSHREQ#. 


Table 5-3. FLSHREQ# and MEMREQ# 


Flush buffers 
pointing towards the 
PCI Bus to avoid 


EISA deadlock. 


GAT mode. 
Guarantees PCI Bus 
immediate access 
to main memory. 


5.4.6.1. Flushing System Posted Write Buffers 


Once an EISA Bus owner (EISA/ISA master or the 
DMA) begins a cycle on the EISA Bus, the cycle can 
not be backed-off. It can only be held in wait states 
via EXRDY. In order to know the destination of EISA 
master cycles, the cycle needs to begin. After the 
cycle is started, no other device can intervene and 
gain ownership of the EISA Bus until the cycle is 
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completed and arbitration is performed. A potential 
deadlock condition exists when an EISA-originated 
cycle to the PCI Bus forces a mandatory transaction 
to EISA, or when the PCI target is inaccessible due 
to an interacting event that also requires the EISA 
Bus. To avoid this potential deadlock, all PCI posted 
write buffers in the system must be disabled and 
flushed, before an EISA/ISA master or DMA can be 
granted the EISA Bus. The buffers must remain dis- 
abled while the EISA Bus is occupied. The following 
steps indicate the PCEB (and ESC) handshake for 
flushing the system posted write buffers. 


1. When an EISA/ISA master, DMA or refresh logic 
requests the EISA Bus, the ESC component as- 
serts EISAHOLD to the PCEB. 


2. The PCEB completes the present cycle (and does 
not accept any new cycle), flushes its PCl-to-EISA 
Posted Write Buffers and gives the EISA Bus to 
the ESC by floating its EISA interface and assert- 
ing EISAHLDA. Before giving the bus to the ESC, 
the PCEB checks to see if it itself is locked as a 
PCI resource. It can not grant the EISA Bus as 
long as the PCEB is locked. 


At this point the PCEB’s EISA-to-PCI Line Buffers 
and other system buffers (Host/PCI Bridge buff- 
ers) that are pointing to PCI are not yet flushed. 
The reason for this is that the ESC might request 
the bus in order to run a refresh cycle that does 
not require buffer flushing. That is not Known until 
the EISA arbitration is frozen (after EISAHLDA is 
asserted). 


a. If the ESC needs to perform a refresh cycle, 
then it negates NUFLUSH# (an ESC-to-PCEB 
flush control signal). ESC drives the EISA Bus 
until it completes the refresh cycle and then 
gives the bus to the PCEB by negating 
EISAHOLD. 


b. If the ESC requested the EISA Bus on behalf of 
the EISA master, DMA or ISA master, then it 
asserts NMFLUSH# and tri-states the EISA 
Bus. The PCEB asserts the FLSHREQ# signal 
to the Host/PC! Bridge (and other bridges) to 
disable and flush posted write buffers. The 
PCEB flushes its internal EISA-to-PCl Posted 
Write Buffers, if they contain valid write data. 


4. When the Host/PCI Bridge completes its buffer 
disabling and flushing, it asserts MEMACK# to 
the PCEB. Other bridges in the system may also 
need to disable and flush their posted write buff- 
ers pointing towards PCI. This means that other 
devices may also generate MEMACK #. All of the 
MEMACK #s need to be “wire-OR’d’’. When the 
PCEB receives MEMACK#¥ indicating that all 
posted write buffers have been flushed, it asserts 
NMFLUSH# to the ESC and the ESC gives the 
bus grant to the EISA device. 
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5. The PCEB continues to assert FLSHREQ# while 
the EISA/ISA master or DMA owns the EISA Bus. 
While FLSHREQ# is asserted the Host/PCl 
Bridge must keep its posted write buffers flushed. 


6. MEMACK# should be driven inactive as soon as 
possible by the Host/PClI Bridge and other bridg- 
es after FLSHREQ# is negated. The PCEB waits 
until it detects MEMACK# negated before it can 
generate another FLSHREQ#. 


5.4.6.2 Guaranteed Access Time Mode 


When the PCEB’s Guaranteed Access Time Mode is 
enabled (via the ARBCON Register), MEMREQ# 
and MEMACK # are used to guarantee that the ISA 
2.1 ws CHRDY specification is not violated. Note 
that EISA’s 2.5 ws maximum negation time of the 
EXRDY signal is a subset of the ISA requirement. 
Thus, 2.1 ws satisfies both bus requirements. 


When an EISA/ISA master or DMA slave requests 
the EISA Bus (MREQ# or DREQ# active), the EISA 
Bus, the PCI Bus, and the memory bus must be arbi- 
trated for and all three must be owned before the 
EISA/ISA master or DMA is granted the EISA Bus. 
The following lists the sequence of events: 


1. An EISA/ISA master, DMA, or refresh logic re- 
quests the EISA Bus. The ESC asserts 
EISAHOLD signal to the PCEB. 


2. The PCEB completes the present cycle (i.e., does 
not accept any new cycle), flushes its PCI-to-EISA 
posted write buffers and gives the bus to the ESC 
by floating its EISA interface and asserting 
EISAHLDA. Before giving the bus to the ESC, the 
PCEB checks to see if it is locked as a PCI re- 
source. It can not grant the EISA Bus as long as 
the PCEB is locked. 


At this point, the PCEB’s EISA-to-PCl Line Buffers 
and other system buffers (e.g., Host/PCl Bridge 
buffers) that are pointing to the PCI Bus are not 
flushed. The reason is that the ESC might request 
the bus to run a refresh cycle that does not require 
buffer flushing. This is not known until the EISA arbi- 
tration is frozen (after EISAHLDA is asserted). 


3a. If the ESC needs to perform a refresh cycle, then 
it asserts NMFLUSH# (an ESC-to-PCEB flush 
control signal). The ESC drives the EISA Bus un- 
til it completes the refresh cycle and then gives 
the bus to the PCEB by negating EISAHOLD. 


3b. If the ESC requested the EISA Bus on behalf of 
the EISA master, DMA or ISA master, then it as- 
serts NUFLUSH # and tri-states the EISA Bus. If 
the PCEB is programmed in GAT (Guaranteed 
Access Time mode), the MEMREQ# and 
FLSHREQ# signals are asserted simultaneously 
to indicate request for direct access to main 
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memory and a request to flush the system’s post- 
ed write buffers pointing towards the PCI (includ- 
ing the PCEB’s internal buffers). These require- 
ments are necessary to insure that once the PCI 
and EISA Buses are dedicated to the PCEB, the 
cycle generated by the PCEB will not require the 
PCI or EISA Buses, thus creating a deadlock. 
MEMREQ# and FLSHREQ# are asserted as 
long as the EISA/ISA master or DMA owns the 
EISA Bus. 


. Once the Host/PCli Bridge has disabled and 


flushed its posted write buffers, and the memory 
bus is dedicated to the PCI interface, it asserts 
MEMACK #. Other bridges in the system may also 
need to disable and flush their posted write buff- 
ers pointing towards PCI due to the FLSHREQ# 
signal. This means that other devices may also 
generate a MEMACK#. All of the MEMACK#s 
need to be “wire-OR’d”. When the PCEB re- 
ceives MEMACK#, it assumes that all of the crit- 
ical posted write buffers in the system have been 
flushed and that the PCEB has direct access to 
main memory, located behind the Host/PCl 
Bridge. 


. When MEMACK # is asserted by the PCEB, it will 


request the PCI Bus (internal or external 
PCEBREQ# signal). Before requesting the PCI 
Bus, the PCEB checks to see that the PCI Bus 
does not have an active lock. The PCI Bus is 
granted to the PCEB when it wins the bus through 
the normal arbitration mechanism. Once the 
PCEB is granted the PCI Bus (internal or external 
PCEBGNT#), the PCEB checks to see if 
PLOCK# is negated before it grants the EISA 
Bus. If the PCI Bus is locked when the PCEB is 
granted the PCl Bus, the PCEB releases the 
REQ# signal and waits until the PLOCK # is neg- 
ated before asserting REQ# again. Once the 
PCEB owns the PCI Bus (internal or external 
PCEBGNT#), and the MEMACK# — and 
MEMREQ# signals are asserted, the PCI arbiter 
will not grant the PCI Bus to any other PCI master 
except the PCEB until the PCEB releases its PCI 
REQ # line. 


. When the PCEB is granted the PCI Bus (internal 


or external PCEBGNT #) and LOCK # is inactive, 
it asserts NMFLUSH# to the ESC and the ESC 
gives the bus grant to the EISA device. 


. When the EISA Bus is no longer owned by an 


EISA master or DMA, the PCEB negates 
MEMREQ# and FLSHREQ# and the PCI request 
signal (internal or external PCEBREQ#). The ne- 
gation of MEMREQ# and FLSHREQ# indicates 
that direct access to the resource behind the 
bridge is no longer needed and that the posted 
write buffers may be enabled. Note that 
MEMACK# should be driven inactive as soon as 
possible by the Host/PCI Bridge and other 


a 

intel ° 
bridges after MEMREQ# is negated. The PCEB 
waits until it detects MEMACK # negated before 


it can generate another MEMREQ# or 
FLSHREQ#. 


The use of MEMREQ#, FLSHREQ#, and 
MEMACK# does not guarantee GAT mode func- 
tionality with ISA masters that don’t acknowledge 
CHRDY. These signals just iaataak: the CHRDY 
inactive specification. 


5.4.6.3 Interrupt Synchronization—Buffer 
Flushing 


The ESC contains the system interrupt controller. 
Therefore, the PCEB/ESC chip set is the default 
destination of the PCI interrupt acknowledge cycles. 
Interrupts in the system are commonly used as a 
synchronization mechanism. If interrupts are used by 
the EISA agents to notify the Host CPU that data 
has been written to main memory, then posted data 
buffers must be flushed before the vector is returned 
during the interrupt acknowledge sequence. The 
PCEB handles this transparently to the rest of the 
system hardware/software. It retries the PCI inter- 
rupt acknowledge cycles and flushes the PCEB Line 
Buffers, if necessary. 


NORMAL 
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5.4.6.4 System Buffer Flushing Protocol-State 
Machine 


Figure 5-18 illustrates the functionality of the state 
machine contained within PCEB that implements the 
system buffer flushing protocol. 


Definition of States 


Normal: State where normal buffering is en- 
abled. 


WaitForGAT: Waiting for acknowledgment that the 
system has all buffers flushed and dis- 
abled and the EISA Bus master will 
have ownership of the entire system. 


GAT: State where the system is ready for an 
EISA master to take over and have 
complete access to the system. The 
EISA Bus may be granted. 


FlushEISA: Request for all devices in the system 
to flush all buffered writes that could 
end up going to the EISA Bus. 

ElSAbusy: State where an EISA Bus master owns 


the standard bus and no write data 
that might go to the EISA Bus may be 


posted. 
Definition of Signals 
GAT: GAT mode status bit. 
REQ: EISA master request for PCI. 


FLSHREQ# x 


MEMREQ# 


WAITFORGAT 
/FLSHREQ# x 
/MEMREQ# 


AFLUSH# x REQ 


MEMACK# 


FLUSHEISA 
/FLSHREQ# x 
MEMREQ# 


EISABUSY 


/FLSHREQ# x 
/MEMREQ# 


/FLSHREQ# x 
MEMREQ# 
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Figure 5-18. Buffer Flush Protocol-State Machine 
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5.4.7 BUS PARKING 


PCI Bus parking can be enabled/disabled via the 


ARBCON Register. Parking is only allowed for the 
device that is connected to CPUREQ# (i.e., the 
Host/PCI Bridge). REQ[3:0]#, and the internal 
PCEBREQ# are not allowed to park on the PCI Bus. 
When bus parking is enabled, CPUGNT # is assert- 
ed when no other agent is currently using or request- 
ing the bus. This achieves the minimum PCI arbitra- 
tion latency possible. 


Arbitration Latency 


Parked: O PCICLKs for parked agent, 2 
PCICLKs for all other. 


Not Parked: 1 PCICLK for all agents. 


Upon assertion of CPUGNT# due to bus parking 
enabled and the PCI Bus idle, the CPU (i.e., parked 
agent) must ensure AD[31:0], C/BE[3:0]#, and 
(one PCICLK later) PAR are driven. If bus parking is 
disabled, then the PCEB drives these signals when 
the bus is idle. 


5.4.8 PCl ARBITRATION AND PCEB/ESC EISA 
OWNERSHIP EXCHANGE 


There are two aspects of PCEB/ESC EISA Bus 
ownership exchange that are explained in this sec- 
tion. They are related to GAT mode and RESUME/ 
RETRY operations. 


The PCEB is the default owner of the EISA Bus. 
When control of the EISA Bus is given to the ESC, 
all PC! operations targeted to the EISA subsystem 
(including the PCEB) are retried. Retry causes as- 
sertion of the PEREQ#/INTA# signal with 
PEREQ# semantics. In this way, the PCEB indi- 
cates to the ESC that it needs to obtain ownership of 
the EISA Bus. 


5.4.8.1 GAT Mode and PEREQ# Signaling 


In GAT mode, the PCEB owns the PCI Bus on behalf 
of the EISA master and other PCI agents (e.g., the 
Host/PCI Bridge) can not generate PCI cycles. 
Therefore, the PCEB never generates a back-off 
(i.e., retry), as long as the EISA Bus is controlled by 
the ESC. This might cause starvation of the PCI 
agents (including the Host/PCl Bridge i.e., CPU) 
even in the case of a moderately loaded EISA sub- 
system. The solution is that PEREQ#, in the GAT 
mode, is generated when any of the PC] Bus request 
signals are asserted. For particular Host/PCl Bridge 
designs (e.g., PCMC) this will be not be an adequate 
solution since their PCl request can be activated 
only based on the CPU generated cycle directed to 
PCI. This will not be possible since the Host Bus 
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(CPU bus) in the GAT mode is controlled by the 
Host/PClI Bridge and not by the CPU. The solution to 


_ this type of design is to generate PEREQ# immedi- 


ately after entering the GAT mode. This feature is 
controlled via ARBCON Register (bit 7). 


5.4.8.2 PCI Retry and EISA Latency Timer (ELT) 
Mechanism 


When a PCI cycle is retried by the PCEB (in non- 
GAT mode) because the EISA Bus is controlled by 
the ESC (EISAHLDA asserted), an internal flag is set 
for the corresponding PCI master. This flag masks 
the request of a particular master until the PCEB 
acquires the ownership of EISA and RESUME condi- 
tion clears the flag. If the PCI master, which is now 
unmasked, does not acquire the ownership of the 
PCl Bus within the time period before ESC asserts 
EISAHOLD again, the EISA Bus can be surrendered 
to the ESC. Unmasked masters will eventually gain 
the access to the PCI Bus, but the EISA Bus will not 
be available and the master will be retried again. 
This scenario can be repeated multiple times with 
one or more PCI masters and starvation will occur. 


To solve this situation, the PCEB arbitration logic in- 
corporates an EISA Latency Timer mechanism. This 
mechanism is based on the programmable timer that 
is started each time that the ESC requires the bus 
(EISAHOLD asserted) and there is a PCI agent that 
has been previously retried because of the EISA 
Bus. As soon as the ELT timer expires, the PCI cycle 
is retried and the EISA Bus is given back to the ESC 
after the current PCI-to-EISA transaction completes. 
lf all the PCI requesters, masked because of 
EISAHLDA, are serviced before the ELT timer ex- 
pires, the EISA Bus is immediately surrendered t 

the ESC. | 


The EISA Latency Timer (ELT) is controlled by the 
ELTCR Register. The value written into ELTCR is 
system dependent. It is typically between 1 ms and 
3 ms. 


6.0 DATA BUFFERING 


The PCEB contains data buffers (Figure 6-1) to iso- 
late the PCI Bus from the EISA Bus and to provide 
concurrent EISA and PCI Bus operations. The Post- 
ed Write Buffers are used for PCl-to-EISA memory 
writes and the Line Buffers are used for EISA-to-PCI 
memory reads and writes. Control bits in the 
PCICON and EPMRA Registers permit the buffers to 
be enabled (accesses are buffered) or disabled (ac- 
cesses are non-buffered). Non-buffered accesses 
use the bypass path. Note that PCI and EISA I/O 
read/write cycles and PCI configuration cycles are 
always non-buffered and use the bypass path. 


PCEB 


Line Buffers 
(4 x 16 Bytes) 
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Posted Write 
Buffers 
(4 x 4 Bytes) 


Dword : Dword : Dword . Dword 
Dword : Dword : Dword . Dword 


Dword : Dword : Dword : Dword 
Dword : Dword : Dword : Dword 


Data Swap Logic 


SD[31:0] 
EISA Bus 
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Figure 6-1. PCEB Data Buffers 


When data is temporarily stored in the buffers be- 
tween the EISA Bus and PCI Bus, there are potential 
data coherency issues. The PCEB guarantees data 
coherency by intervening when data coherency 
could be lost and either flushing or invalidating the 
buffered data, as appropriate. 


6.1 Line Buffers 


The PCEB contains four Line Buffers that are each 
four Dwords wide (16 bytes). The Line Buffers are bi- 
directional and are used by the EISA/ISA master 
and DMA to assemble/disassemble data. The data 
in each Line Buffer is aligned on 16-byte boundaries. 
When data is placed in one of the Line Buffers, the 
PCEB maintains the corresponding 16-byte bounda- 
ry address until the data in the line is transferred to 
its destination or invalidated. 


The Line Buffers can be enabled/disabled by writing 
to the PCICON Register. In addition, when the Line 
Buffers are enabled via the PCICON Register, buff- 
ering for accesses to the four programmable EISA- 
to-PCl memory regions (Region [4:1]) can be selec- 
tively disabled via the EPMRA Register. 


During buffer operations, the four Line Buffers, col- 
lectively, are either in a write state or in a read state. 
These states are described in the following sections. 


6.1.1 WRITE STATE 


lf a Line Buffer contains valid write data, it is in a 
write state. In the write state, data from the EISA/ 
ISA master or DMA is posted in the Line Buffers. 
Posting means that the write operation on the EISA 
Bus completes when the data is latched in the buff- 
er. The EISA master does not have to wait for the 
write to complete to its destination (memory on the 
PCI Bus). Posting permits the EISA Bus cycle to 
complete in a minimum time and permits concurrent 
EISA and PCI Bus operations. During posting, data 
accumulates in the Line Buffer until it is flushed (writ- 
ten to PCI memory) over the PCI Bus. A Line Buffer 
is scheduled for flushing by the PCEB when: 


e the line becomes full. 


® a subsequent write is a line miss (not within the 
current line boundary address range). 


e the write is to an address of a lower Dword than 
the previous write. Note that writes to lower ad- 
dresses within the same Dword do not cause a 
flush. Note also, that if two (or more) consecutive 
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EISA Bus cycles are writes to the same Dword 
(i.e., the same byte or word locations within the 
Dword, or the same Dword for Dword writes), the 
accessed buffer data is overwritten. However, if 
any of the flush conditions described in this list 
occur between the writes, the line is flushed be- 
fore the next write and data is not overwritten. 


e the last address location in the Line Buffer is ac- 
cessed. 


¢ a subsequent cycle is a read. 

@ the EISA Bus changes ownership. 

® an interrupt acknowledge cycle is encountered. 
e The ESC performs an EISA refresh cycle. 


When a line is scheduled for flushing, the PCEB be- 
gins arbitration for the PCl Bus. If more than one line 
is scheduled to be flushed, the Line Buffers are 
flushed in a “first scheduled, first to be flushed’ or- 
der. If the line to be flushed contains valid data in 
only one Dword, the PCEB uses a single data trans- 
fer cycle on the PCI Bus. Otherwise, flushing opera- 
tions use burst transfers. 


During flushing, write data within a Line Buffer is 
packetized into Dword quantities, when possible, for 
a burst transfer over the 32-bit PCI Bus. Packetizing 
occurs at two levels—Dwords within a line and 
bytes/words within a Dword. When a Line Buffer is 
flushed, all of the valid Dwords within the line are 
packetized into a single PCI burst write cycle. In ad- 
dition, all valid data bytes within a Dword boundary 
are packetized into a single data phase of the burst 
cycle. Packetizing reduces the PCI arbitration laten- 
cy and increases the effective PCI Bus bandwidth. 
When multiple Line Buffers are scheduled for flush- 
ing, each Line Buffer is packetized separately. 
Packetizing across Line Buffer boundaries is not per- 
mitted. 


During flushing, strong ordering is preserved at the 
Dword level (i.e., the Dwords are flushed to PCI 
memory in the same order that they were written into 
the Line Buffer). Note, however, that strong ordering 
is not preserved at the byte or word levels (i.e., even 
if byte or word transfers were used by the EISA/ISA 
master or DMA to sequentially write to a Dword with- 
in a Line Buffer, all of the bytes in the resulting 
Dword boundary are simultaneously flushed to PCI 
memory). 


Because strong ordering is not preserved within a 
Dword boundary, care should be used when access- 
ing memory-mapped I/O devices. If the order of byte 
or word writes to a memory-mapped |/O device 
needs to be preserved, buffered accesses should 
not be used. By locating memory-mapped I/O devic- 
es in the four programmable EISA-to-PC] memory 
regions, buffering to these devices can be selective- 
ly disabled. 
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6.1.2 READ STATE 


lf a Line Buffer contains valid read data, it is ina 
read state. Read data is placed in the Line Buffer by 
two PCEB mechanisms—fetching and prefetching. 
Data is placed in the Line Buffer on demand (fetch- 
ing) when the data is requested by a read operation 
from the EISA/ISA master or DMA. The PCEB also 
prefetches data that has not been explicitly request- 
ed but is anticipated to be requested. Once in the 
Line Buffer, data is either read by the EISA/ISA 
master or DMA (and then invalidated) or invalidated 
without being read. Read data is invalidated when: 


e data in the Line Buffer is read (transferred to the 
EISA/ISA master or DMA). This prevents reading 
of the same data more than once. 


® a subsequent read is a line miss (not to the previ- 
ously accessed Line Buffer). Valid data in the cur- 
rent Line Buffer is invalidated. If a new line had 
been prefetched during access to the current 
line, data in the prefetched line is not invalidated, 
unless the access also misses this line. In this 
case, the data in the prefetched line is invalidat- 
ed. 


® a subsequent cycle is a write. Data in all Line 
Buffers are invalidated. 


If the requested data is in the Line Buffer, a line hit 
occurs and the PCEB transfers the data to the 
EISA/ISA master or DMA (and invalidates the hit 
data in the buffer). If EISA Bus reads hit two consec- 
utive line addresses, the PCEB prefetches the next 
sequential line of data from PCI memory (using a PCI 
Bus burst transfer). This prefetch occurs concurrent- 
ly with EISA Bus reads of data in the already fetched 
Line Buffer. If consecutive addresses are not ac- 
cessed, the PCEB does not prefetch the next line. 


A line miss occurs if the requested data is not in the 
Line Buffer. If a line miss occurs, the PCEB invali- 
dates data in the missed Line Buffer. If the request- 
ed data is in a prefetched line, the read is serviced. If 
a line was not prefetched or the read missed the 
prefetched line, the PCEB invalidates any pre- 
fetched data and fetches the Dword containing the 
requested data. During this fetch, the PCEB holds 
off the EISA/ISA master or DMA with wait states (by 
negating EXRDY). When the requested data is in the 
Line Buffer, it is transferred to the EISA Bus. Simul- 
taneously with the EISA Bus transfer, the PCEB 
prefetches the rest of the line data (Dwords whose 
addresses are within the line and above the Dword 
address of the requested data). The Dword contain- 
ing the requested data and the rest of the Dwords in 
the line (located at higher addresses) are fetched 
from PCI memory using a burst transfer, unless the 
requested data is in the last Dword of a line. In this 
case, a single cycle read occurs on the PCI Bus. 
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For the purposes of data read operations, all four 
4-Dword buffers are used to form two 8-Dword lines 
(32 bytes each). There are only two address point- 
ers, one for each line. Fetching fractions of a line is 


accomplished as described above, that is starting 
from the first requested Dword. 


The MSBURST # input signal is used to supplement 
control of the prefetch sequence. The MSBURST # 
signal is activated only when an EISA master desires 
to do burst transfers to access sequential data (al- 
though this is not an absolute EISA rule, i.e., theoret- 
ically the data can be non-sequential) after an EISA 
slave indicates its ability via SLBURST#. This will 
occur during the first data transfer. 


The Line Buffer Control Logic dynamically switches 
between two prefetch modes: 


— Half Line Prefetch (16 bytes fetch) 
— Full Line Prefetch (32 bytes fetch) 


The prefetch control logic has implemented a Se- 
quential Access Flag which is cleared before the ini- 
tial prefetch. Initial prefetch (first data fetch) starts in 
the Half Line Prefetch mode and is extended to Full 
Line Prefetch mode immediately after MSBURST # 
is sampled asserted at which time the Sequential 
Access Flag is automatically set (this is done on-the- 
fly during the first line fetch). If after the initial pre- 
fetch the Sequential Access Flag has not been set 
(MSBURST # remained not asserted) and the con- 
trol logic recognizes two consecutive hits (in incre- 
mentally sequential Dwords including the first one 
which is originally requested), the Sequential Access 
Flag is set and the prefetch control logic switches to 
Full Line Prefetch mode. An additional 32-byte line 


(or fraction depending on alignment) will be fetched. | 


When the Sequential Access Flag is set, prefetching 
is accomplished using the Full Line Prefetch mode. 
Each time a line buffer (32 bytes) is available, an 
additional line will be fetched as long as the Sequen- 
tial Access Flag remains set. 


Whenever out-of-order access is recognized within 
the prefetched data or a miss occurs when there is 
valid fetched data, the Sequential Access Flag is 
cleared and the prefetch mode changes to Half Line 
Prefetch. Also, the Sequential Access Flag is 
cleared whenever MSBURST # transitions from ac- 
tived to inactive. 


When the Sequential Access Flag is not asserted, 
the prefetch control logic operates in Half Line Pre- 
fetch mode during which only 16 bytes of data is 
fetched at a time. The same test for sequential ac- 
cess is repeated, and if sequential access is recog- 
nized, the Sequential Access Flag is set and the 
control logic switches to Full Line Prefetch mode. 
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6.2 Posted Write Buffers 


The PCEB contains four Posted Write Buffers 
(PWB). The buffers are each one Dword wide 
(4 bytes). The PWBs are uni-directional and are 
used by PCI devices (including the CPU via the 
Host/PCl Bridge) to transfer data from a PCI master 
to EISA memory. If the PWBs are enabled, PCI-to- 
EISA memory writes are posted in the PWBs. If 
these buffers are disabled, PCl-to-EISA memory 
writes are not posted and use the bypass path. Post- 
ing means that the PCI Bus operation completes 
when the data is placed in the PWBs. The PCI oper- 
ation does not have to wait for the transfer to com- 
plete to its destination on the EISA Bus, as is the 
case of a non-posted write. (Non-posted writes oc- 
cur when the PWBs are disabled or a PCI I/O or 
configuration write occurs.) Posting permits the PCI 
Bus operation to complete in a minimum time. 


To maintain strong ordering, data assembly within a 
Dword is not allowed. Thus, during each data phase 
of a PCl Bus write operation to the PWBs, each data 
transfer (byte, word, or Dword) is placed in separate 
PWBs. The corresponding address is stored for 
each PWB, until the data is written to the EISA/ISA 
device. 


Posting is only permitted when the PCEB owns the 
EISA Bus. If the PCEB does not own the EISA Bus, 
the PCI master is retried and the PCEB requests the 
EISA Bus. The PCEB masks retried PCI masters un- 
til the EISA Bus is acquired, at which time the PCI 
masters are unmasked. If the PWBs are full and a 
new PCI-to-EISA memory write cycle occurs, the PCI 
master is retried and the PWBs flushed. After the 
first PWB is flushed, the PCI masters are unmasked 
and posting is permitted. If a PCI burst write fills the 
PWBs, the PCEB issues a disconnect to the PCI 
master and flushes the PWBs. 


lf an EISA/ISA master or DMA requests the EISA 
Bus during posting, the EISA latency timer is started. 
Posting and flushing of the PWBs can continue until 
the timer expires. If the timer expires, the PCEB al- 
lows the PCI master to complete the current bus 
cycle and retries further PCI requests. If the current 
PCI Bus cycle requires posting of more than four 
data transfers (or the PWBs become full), the PCEB 
issues a PCI target disconnect. When the PWBs are 
flushed, the PCEB grants ownership to the request- 
ing EISA/ISA master or DMA. 


NOTES: 

1. If posting is disabled via the PCICON Register, a 
PCI master requesting a PCI-to-EISA transfer is 
retried until the PCEB owns the EISA Bus. Each 
PCl-to-EISA Bus transfer must complete all the 
way to the EISA destination before the next 
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transfer can begin. The PCEB, on behalf of the 
EISA/ISA master or DMA, introduces wait states 
to the PCI master, if necessary. 


2. If the ESC requests the EISA Bus to do a refresh 
cycle, the PCEB temporarily gives the bus to the 
ESC and does not flush the PWBs. 


6.3 Buffer Management Summary 


Table 6-1 shows Line Buffer and Posted Write Buffer 
actions for different cycles. Note that the first three 
columns together define the cycles that may trigger 
buffer activity. 


7.0 EISA INTERFACE 


The PCEB provides a fully EISA Bus compatible 
master and slave interface. This interface provides 
address and data signal drive capability for eight 
EISA slots and supports the following types of cy- 
cles: 


e PCl-initiated memory and |/O read/write access- 
es to an EISA/ISA device. 


e EISA/ISA/DMA-initiated memory and |/O read/ 
write accesses to a PCI device (i.e., via the Line 
Buffers, if-necessary). 


re 
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e Accesses contained within the EISA Bus (only 
data swap buffers involved). 


For transfers between the EISA Bus and PCI Bus, 
the PCEB translates the bus protocols. For PCI mas- 
ter-initiated cycles to the EISA Bus, the PCEB is a 
slave on the PCI Bus and a master on the EISA Bus. 
For EISA master-initiated cycles to the PCI Bus, the 
PCEB is a slave on the EISA. Bus and a master on 
the PCI! Bus. 


NOTES: 


1. The PCEB is not involved in refresh cycles on the 
EISA Bus. When the REFRESH# signal is as- 
serted, the PCEB disables EISA Bus address de- 
coding. 


2. Wait state generation on the EISA Bus is per- 
formed by the ESC. ISA memory slaves (8 bits or 
16 bits) and ISA I/O slaves can shorten their de- 
fault or standard cycles by asserting the NOWS # 
signal line. It is the responsibility of the ESC to 
shorten these cycles when NOWS # is asserted. 
Note that ISA I/O 16-bit devices can shorten 
their cycles by asserting NOWS#. If CHRDY and 
NOWS# are driven low during the same cycle, 
NOWS# will not be used and wait states are 
added as a function of CHRDY. For more details 


Tabie 6-1. Buffer Management Summary 


Master Slave 


(Origin) 


Cycle Type 


Memory Read 


1/O Read 
PCI 


PCI 

Cl 
PCI 
PCI 


NOTES: 


(Destination) 


| MemoryRead I 
post if not full 


EISA | Memory Read/Write | EISA No Action 


EISA _| I/O Read/Write EISA No Action(2) 
EISA | VORead/wrte | Pc|_| Fush | invalidate | No Action 


Line Buffer 
Data in Write 
State 


Posted 
Write 
Buffers 


Line Buffer 
Data in Read 
State 


/ 


(Note 1) No Action(2) 


1. Change from write to read operation or from read to write causes the Line Buffers to be flush or invalidate, respectively. 


2. Buffers are already flushed. 


3. LOCKed cycles (both from PCI and EISA) are not buffered within the PCEB. They are processed using the bypass path. 
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on the wait state generation and the NOWS# 
signal, refer to the ESC data sheet. 


3. All locked PCI cycles (PLOCK# asserted) des- 
tined to the EISA Bus are converted to EISA 
locked cycles using the LOCK# signal protocol. 
The PCEB is a locked resource during these cy- 
cles and maintains control of the EISA Bus until 
the locked PCI sequence is complete. 


4. All locked EISA cycles (LOCK# asserted) des- 
tined to PCI are converted to PCI locked cycles 
using the PLOCK# _ signal protocol. The 
PLOCK# signal remains active as long as the 
EISA LOCK # signal is asserted. 


5. The PCEB contains EISA data swap buffers for 
data size translations between mismatched PCI 
Bus and EISA Bus transfers and between mis- 
matched devices contained on the EISA Bus. 
Thus, if data size translation is needed, the PCEB 
is involved in cycles contained to the EISA Bus, 
even if the PCEB is neither the master or slave. 
For data size translation operations, see Section 
8.0, EISA Data Swap Buffers. 


6. For ISA master cycles to PCI memory or I/O, the 
ESC translates the ISA signals to EISA signals. 
The PCEB, as an EISA slave, forwards the cycle 
to the PCI Bus. 


7. For ISA master cycles to ISA/EISA slaves, the 
PCEB is not involved, except when the cycle re- 
quires data size translations. See the ESC data 
sheet for cycles that are contained within the 
EISA Bus (i.e., EISA-to-EISA, EISA-to-ISA, ISA- 
to-ISA, and ISA-to-EISA device cycles). 


8. In this section, LA[31:24] # and LA[23:2] are col- 
lectively referred to as LA[31:2]. 


7.1 PCEB as an EISA Master 


The PCEB is an EISA master for PCl-initiated cycles 
targeted to the EISA Bus. When the PCEB decodes 
the PCI cycle as a cycle destined to the EISA Bus 
(via subtractive or negative decoding, as described 
in Section 4.0, Address Decoding), the PCEB be- 
comes a slave on the PCI Bus. If the PCEB owns the 
EISA Bus, the cycle is forwarded to the EISA/ISA 
device. If the PCEB does not own the EISA Bus 
(EISAHOLDA is asserted to the ESC), the PCI mas- 
ter is retried and the PCEB issues an EISA Bus re- 
quest to the ESC. 


For PCl-to-EISA I/O read/write accesses, memory 
reads, and non-posted memory writes (Posted Write 
Buffers are disabled), the PCEB runs standard EISA 
Bus cycles. When the Posted Write Buffers are en- 
abled, the PCEB posts PCI write data in the buffers. 
The data is transferred to the EISA Bus when the 
buffers are flushed. If just one buffer needs to be 
flushed, the PCEB runs a standard EISA cycle. For 
more than one buffer, the PCEB runs a burst cycle, if 
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bursts are supported by the slave. If the slave does 
not support bursts, consecutive standard cycles are 
run. 


When cycles are forwarded to a matched EISA/ISA 
slave, the PCEB is the EISA master and controls the 
transfer until the cycle is terminated. For mis- 
matched cycles to an EISA/ISA slave, the PCEB 
backs off the EISA Bus as described in Section 
7.1.3, Back-Off Cycle. 


7.1.1 STANDARD EISA MEMORY AND I/O 
READ/WRITE CYCLES 


The standard EISA cycle completes one transfer 
each two BCLK periods (zero wait states). The stan- 
dard EISA memory or |/O cycle begins when the 
PCEB presents a valid address on LA[31:2] and 
drives M/IO# high for a memory cycle and low for 
an I/O cycle. The address can become valid at the 
end of the previous cycle to allow address pipelining. 
The EISA slave decodes the address and asserts 
the appropriate signals to indicate the type of slave 
and whether it can perform any special timings. The 
slave asserts EX32# or EX16# to indicate support 
of EISA cycles. 


For extended cycles, the EISA slave introduces wait 
states using the EXRDY signal. Wait states allow a 
slower slave to get ready to complete the transfer. 
The slave negates EXRDY after it decodes a valid 
address and samples START # asserted. The slave 
may hold EXRDY negated for a maximum of 2.5 us 
to complete a transfer, and must release EXRDY 
synchronous to the falling edge of BCLK to allow a 
cycle to complete. Note that the PCEB, as an EISA 
master, never introduces wait states. 


Figure 7-1 shows three data transfer cycles between 
an EISA master and an EISA slave. The first transfer 
is an extended transfer (EXRDY negated), followed 
by two standard cycles. For PCI cycles that are for- , 
warded to the EISA Bus, the PCEB is the EISA mas- 
ter. The PCEB asserts START # to indicate the start 
of a cycle. The PCEB also drives W/R# to indicate 
a read or write cycle and BE[3:0] # to indicate the 
active bytes. The LA[31:2] and the BE[3:0] remain 
valid until after the negation of START#. A slave 
that needs to latch the address does so on the trail- 
ing edge of START #. 


The ESC asserts CMD # simultaneously with the ne- 
gation of START # to control data transfer to or from 
the slave. If a read cycle is being performed, the 
slave presents the requested data when CMD# is 
asserted and holds it valid until CMD # is negated by 
the ESC. For a write cycle, the PCEB presents the 
data prior to the assertion of CMD# and the slave 
latches it on or before the trailing edge of CMD#. © 
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BCLK 


LA[31:2] 
M/lO# 


BE[3:0]# 
W/R# 


START# 


CMD# 


SD[31:0](R) 
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Figure 7-1. EISA Memory and I/O Read/Write Cycle (one extended and two standard cycles) 


7.1.2 EISA MEMORY BURST CYCLES 


The EISA burst cycle permits a continuous se- 
quence of read or write cycles in zero wait-states 
(1 BCLK per transfer). As an EISA master, the PCEB 
can generate burst memory writes during PCl-to- 
EISA Posted Write Buffer flushing. However, the 
PCEB does not generate burst memory reads. Fig- 
ure 7-2 shows a burst write on the EISA Bus. During 
the burst, five data transfers occur with a wait-state 
added on the third data transfer. 


The first transfer in a burst transfer begins like a 
standard cycle. The PCEB, as a bus master, pres- 
ents a valid address on LA[31:2]. The memory 
slave, after decoding the address and M/IO#, re- 
sponds by asserting SLBURST#. The PCEB sam- 
ples SLBURST # on the rising edge of BCLK at the 
trailing edge of START#. The PCEB asserts 
MSBURST # on the falling edge of BCLK and pres- 
ents a second address to the slave. The ESC holds 
CMD# asserted while the burst is being performed. 
lf SLBURST# is not asserted by the slave, the 


PCEB does not assert MSBURST # and runs a stan- 


dard cycle. 
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The PCEB presents the write data on the rising edge 
of BCLK, a half cycle after presenting the address. 
An EISA memory slave that asserts SLBURST # 
must sample memory write data on a rising BCLK 
edge when CMD# is asserted (regardless of the 
state of MSBURST#). The PCEB terminates the 
burst cycles by negating MSBURST # and complet- 
ing the last transfer. 


Although a burst transfer normally performs zero 
wait state cycles, a slave can add wait states during 
a burst sequence by negating EXRDY before the 
falling edge of BCLK (with CMD# asserted). The 
PCEB, as a master, samples EXRDY on the falling 
edge of BCLK and extends the cycle until EXRDY is 
asserted. The PCEB can still change the next ad- 
dress even though EXRDY is negated. 


Addresses asserted during a burst sequence to a 
memory must be within a 1024 byte memory page 
(address lines LA[31:10] can not change during the 
burst). To cross a page boundary, the burst se- 
quence is terminated by the PCEB by negating the 
MSBURST# on the last cycle in the page. If the 
burst cycle crosses a page boundary, the PCEB ter- 
minates the cycle at the page boundary and the 
burst cycle is restarted on the new page. 
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START# — 


CMD# — 


EX32# 
EX16# 


EXRDY . 


MSBURST# _ 


SLBURST# | : 


SD[31:0](W) 
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1. Standard access (start of burst) 4. Burst access 
2. Burst access 5. Burst access 
3. Burst access (one wait sate) 6. Standard access 


Figure 7-2. EISA Memory Write Burst Cycle 
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7.1.3 EISA BACK-OFF CYCLE 


For mismatched cycles to an EISA/ISA slave, the 
PCEB, as a master, backs off the EISA Bus by float- 
ing the START#, BE[3:0]# and SD[31:0] signals 
one and half BCLKs after START # has been assert- 
ed. The ESC controls the EISA Bus for the duration 
of the cycle. This allows the ESC to perform data 
translation, if necessary. At the end of the cycle, the 
ESC transfers control back to the PCEB by asserting 
EX16# and EX32# on the falling edge of BCLK, 
before the rising edge of BCLK that the last CMD # 
is negated. Refer to the ESC data sheet for further 
details on master back-off and the cycle transfer 
control operations. 


Figure 7-3 shows an example of a back-off se- 
quence during a 32-bit EISA master to 16-bit EISA 
slave Dword read and write operation. The thick 
lines indicate the change of control between the 
master and the ESC. 


PCEB Reading From a 16-bit EISA Slave 


As a 32-bit EISA master, the PCEB begins by plac- 
ing the address on LA[31:2] and driving M/IO#. The 
16-bit EISA slave decodes the address and asserts 
EX16#. The PCEB asserts START#, W/R#, and 
BE[3:0] #. The ESC samples EX32# and EX16# on 
the rising edge of BCLK following the assertion of 
START # and asserts CMD#. At the same time, the 
PCEB negates START# and samples EX32#. 
When EX32# is sampled negated, the PCEB floats 
START # and BE[3:0] #. Note that, the PCEB con- 
tinues to drive a valid address on LA[31:2]. 


The ESC negates CMD# after one BCLK period un- 
less the slave adds wait states (negates EXRDY). 
The ESC latches SD[15:0] into the PCEB’s data 
swap buffers on the trailing edge of CMD#. The 
ESC controls the PCEB data swap buffers via the 
PCEB/ESC Interface. The ESC then asserts 
START# and presents BE[3:0] (upper word en- 
abled). The ESC negates START# and asserts 
CMD #. The slave latches the address on the trailing 
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edge of START# and presents data on SD[15:0]. 
The ESC negates CMD# after one BCLK, unless 
the slave negates EXRDY. The ESC latches 
SD[15:0] into the PCEB data swap buffers on the 
trailing edge of CMD# and instructs the PCEB data 
swap buffers to copy D[15:0] to D[31:0] and asserts 
EX32#. Note that, since the transfer is intended for 
the PCEB, the data is not re-driven back out onto the 
EISA Bus. The ESC floats the START# and 
BE[3:0] #. The PCEB regains control of the EISA 
Bus after sampling EX32# and EX16# asserted. 


PCEB Writing To a 16-bit EISA Slave 


As a 32-bit EISA master, the PCEB begins by plac- 
ing the address on LA[31:2] and driving M/IO#. The 
16-bit EISA slave decodes the address and asserts 
EX16#. The PCEB asserts START#, W/R#, 
BE[3:0] #, and SD[31:0]. The ESC samples EX32 # 
and EX16# on the rising edge of BCLK following the 
assertion of START# and asserts CMD#. At the 
same time, the PCEB negates START # and sam- 
ples EX32#. When EX32# is sampled negated, the 
PCEB floats START#, SD[31:0], and BE[3:0] #. 
The data is latched in the PCEB’s data swap logic. 
Note that the PCEB continues to drive a valid ad- 
dress on LA[31:2]. 


The ESC instructs the PCEB to drive the data out on 
SD[31:0] and asserts CMD# after sampling EX32# 
negated. The slave may sample SD[15:0] while 
CMD# is asserted. The ESC negates CMD# after 
one BCLK, unless the slave adds wait states (ne- 
gates EXRDY). The ESC then presents BE[3:0] (up- 
per word enabled) and asserts START #. The ESC 
instructs the PCEB to copy SD[31:0] to SD[15:0], 
negates START # and asserts CMD#. The ESC ne- 
gates CMD# after one BCLK, unless the slave ne- 
gates EXRDY. The slave latches the address on the 
trailing edge of START # and samples SD[15:0] on 
the trailing edge of CMD #. The ESC returns control 
of the EISA Bus to the PCEB by floating BE[3:0] # 
and START#, then asserting EX32#. The PCEB 
samples EX32# and EX16# asserted on the rising 
edge of BCLK.. 
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Figure 7-3. EISA Back-Off Cycle 


1-521 


82375EB 


7.2 PCEB as an EISA Slave 


The PCEB is an EISA slave for EISA/ISA/DMA-ini- 
tiated cycles targeted to the PCi Bus. If the PCEB 
positively decodes the address (access to one of the 
EISA programmed main memory segments or ac- 
cess to one of the programmable EISA-to-PCI mem- 
ory or I/O regions), the PCEB becomes an EISA 
slave and the cycle is forwarded to the PCI Bus. If 
the PCEB does not positively decode the address, 
the cycle is contained to the EISA Bus. For cycles 
contained to the EISA Bus (i.e., EISA-to-EISA, EISA- 
to-ISA, ISA-to-ISA, and ISA-to-EISA device cycles), 
the PCEB is only involved when data size translation 
is needed. 


The PCEB responds as a 32-bit EISA slave. If the 
EISA master size is not 32-bits, the cycle is a mis- 
match and invokes data size translation. For details 
on data size translation, refer to Section 8.0, EISA 
Data Swap Buffers. 


All EISA master memory read cycles to PCI memory 
start as extended cycles, unless the cycle triggers a 
read hit to one of the four Line Buffers. If the data is 
available in the Line Buffers, the PCEB supplies the 
data to the EISA master without adding wait states. 
Otherwise, the cycle is extended (wait states added 
via EXRDY) until the data is available. Note that for 
non-buffered accesses, the EISA cycle is always ex- 
tended until data is available from the PCI Bus. 


lf the Line Buffers are enabled, write cycles to PCI 
memory are posted in the Line Buffers. If the write 
can be immediately posted, wait states are not gen- 
erated on the EISA Bus. Otherwise, the cycle is ex- 
tended (via wait states) until the data can be posted. 
Note that writes can be posted to available Line 
Buffers concurrently with other Line Buffers being 
flushed to the PCI Bus. 


All EISA master I/O read/write accesses to PCI 1/O 
space are non-buffered and always start as extend- 
ed cycles. Data transfer on the EISA Bus occurs 
when the requested data is available from the PCI 
Bus. 
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For mismatched cycles to the PCEB, the EISA/ISA 
master backs off the EISA Bus as described in Sec- 
tion 7.1.3, Back-Off Cycle. 


7.2.1 EISA MEMORY AND I/O READ/WRITE 
CYCLES 


The standard EISA cycle completes one transfer 
each two BCLK periods (zero wait states). The stan- 
dard EISA memory or I/O cycle begins with the EISA 
master presenting a valid address on LA[31:2] and 
driving M/IO# high for a memory cycle and low for 
an |/O cycle. The address can become valid at the 
end of the previous cycle to allow address pipelining. 
When the PCEB positively decodes the address, it 
asserts EX32# to indicate 32-bit support. For mem- 
ory cycles, the PCEB also asserts SLBURST# to 
indicate support for burst transfers. 


For extended cycles, the PCEB introduces wait 
states using the EXRDY signal. The PCEB may hold 
EXRDY negated for a maximum of 2.5 ws to com- 
plete a transfer, and releases EXRDY synchronous 
to the falling edge of BCLK to allow a cycle to com- 
plete. 


Figure 7-4 shows three data transfers between an 
EISA master and an EISA slave. The first transfer is 
an extended transfer (EXRDY negated), followed by 
two standard cycles. For EISA cycles that are for- 
warded to the PCI Bus, the PCEB is an EISA slave. 
The EISA master asserts START # to indicate the 
start of a cycle. The EISA master also drives W/R# 
to indicate a read or write cycle and BE[3:0] # to 
indicate the active bytes. The LA[31:2] and the 
BE[3:0] remain valid until after the negation of 
START #. The PCEB latches the address on the 
trailing edge of START #. 


The ESC asserts CMD # simultaneously with the ne- 
gation of START # to control data transfer to or from 
the PCEB. If a read cycle is being performed, the 
PCEB presents the requested data when CMD# is 
asserted and holds it valid until CMD # is negated by 
the ESC. For a write cycle, the EISA master must 
present the data prior to the assertion of CMD# and 
the PCEB latches it on the trailing edge of CMD#. 
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Figure 7-4. EISA Memory and I/O Read/Write Cycles (one extended and two standard cycles) 


7.2.2 EISA MEMORY BURST CYCLES CMD # asserted while the burst is being performed. 
lf MSBURST# is not asserted by the master, the 

The EISA burst cycles permit a continuous se- cycle is run as a standard cycle. 

quence of read or write cycles in zero wait-states 

(1 BCLK per transfer). A burst transfer is either all If the cycle is a burst read, the EISA master presents 


e 


reads or all writes. Mixed cycles are not allowed. As burst addresses on the falling edge of every BCLK. 
an EISA slave, the PCEB supports burst memory The PCEB presents the data for that address, which 
reads and burst memory writes from/to its Line Buff- is sampled one and half BCLKs later. If the cycle is a 
ers. Figure 7-5 shows an example of a burst se- burst write, the EISA master presents the data on 
quence for both memory reads and writes on the the rising edge of BCLK, a half cycle after presenting 
EISA Bus. During the particular burst sequence, five the address. The PCEB samples memory write data 
data transfers occur with a wait state added on the on the rising BCLK edge when CMD# is asserted 
third data transfer. (regardless of the state of MSBURST #). The EISA 
master terminates the burst cycles by negating 
The first transfer in a burst transfer begins like the MSBURST # and completing the last transfer. 
standard cycle described above. The EISA master 
presents a valid address on LA[31:2]. The PCEB, To add wait states during a burst sequence, the 
after decoding the address and M/IlO#, responds by PCEB negates EXRDY before the falling edge of 
asserting SLBURST #. The EISA master must sam- BCLK (with CMD# asserted). The EISA master sam- 
ple SLBURST# on the rising edge. of BCLK at the ples EXRDY on the falling edge of BCLK and ex- 
trailing edge of START #. The EISA master asserts tends the cycle until EXRDY is asserted. The EISA 
MSBURST # on the falling edge of BCLK and pres- master can still change the next address even 
ents a second address to the PCEB. The ESC holds though EXRDY is negated. Be 
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Figure 7-5. EISA Burst Cycle 
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7.3 I/O Recovery 


The |/O recovery mechanism in the PCEB guaran- 
tees a minimum amount of time between back-to- 
back 8-bit and 16-bit PCI cycles to ISA I/O slaves. 
Delay times (in BCLKs) for 8-bit and 16-bit cycles 
are individually programmed via the IORT Register. 
Accesses to an 8-bit device followed by an access 
to a 16-bit device use the 8-bit recovery time. Simi- 
larly, accesses to a 16-bit device followed by an ac- 
cess to an 8-bit device use the 16-bit recovery time. 
The PCEB cycles to EISA I/O, DMA cycles, and 
EISA/ISA bus masters to I/O slaves do not require 
any delay between back-to-back I/O accesses. 


Note that |/O recovery is only required for ISA I/O 
devices. However, since the PCEB does not distin- 
guish between 8-bit ISA and 8-bit EISA, the delay is 
also applied to 8-bit EISA I/O accesses (i.e., the 
ESC). 


8.0 EISA DATA SWAP BUFFERS 


The PCEB contains a set of buffers/latches that per- 
form data swapping and data size translations on 
the EISA Bus when the master and slave data bus 
sizes do not match (e.g., 32-bit EISA master access- 
ing a 16-bit EISA slave). During a data size transla- 
tion, the PCEB performs one or more of the follow- 
ing operations, depending on the master/slave type 
(PCI/EISA/ISA), transfer direction (read/write), and 
the number of byte enables active (BE[3:0] #): 


e Data assembly or disassembly 
e Data copying (up or down) 
e Data re-drive 


These operations are described in this section. An 
example is provided in Section 8.3, The Re-drive 
Operation, that shows a cycle where all three func- 
tions are used. 


82375EB 


The PCEB performs data size translations on the 
EISA Bus using the data swap buffer control signals 
generated by the ESC. These signals are described 
in Section 10.0, PCEB/ESC Interface. 


8.1 Data Assembly and Disassembly 


The data assembly/disassembly process occurs 
during PCI, EISA/ISA, and DMA cycles when the 
master data size is greater than the slave data size. 
For example, if a 32-bit PC] master is performing a 
32-bit read cycle to an 8-bit ISA slave, the ESC inter- 
venes and performs four 8-bit reads. The data is as- 
sembled in the PCEB (Figure 8-1). Once assembled, 
the PCEB transfers the data as a single Dword to 
the 32-bit PCI master during the fourth cycle. For a 
32-bit write cycle, the PCEB disassembles the 
Dword by performing four write cycles to the slave. 
The actual number of cycles required to perform an 
assembly/disassembly process and make a transfer 
is a function of the number of bytes (BE[3:0] #) re- 
quested and the master/slave size combination. 


During EISA master assembly/disassembly trans- 
fers, cycle control is transferred from the master to 
the ESC. The master relinquishes control by backing 
off the bus (i.e., by floating its START#, BE[3:0], 
and SD[31:0] signals on the first falling edge of 
BCLK after START # is negated). The ESC controls 
the assembly/disassembly process in the PCEB via 
the data swap buffer control signals on the PCEB/ 
ESC interface. At the end of the assembly/disas- 
sembly process, cycle control is transferred back to 
the bus master (by the ESC asserting EX16# and 
EX32#). An additional BCLK is added at the end of 
the transfer to allow the exchanging of cycle control 
to occur. During DMA transfers, cycle control is 
maintained by the ESC for the entire cycle. 
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Figure 8-1. Assembly Function: PCI 32-bit Read from an 8-bit EISA or ISA Slave-BE([3:0] # = 0000 


8.2 The Copy Operation (Up or Down) 


The copy operation is invoked during data transfers 
between byte lanes. This operation allows the as- 
sembly/disassembly of the data pieces during the 
cycles between mismatched master/slave combina- 
tions. For example, Section 8.1, Data Assembly and 
Disassembly, describes a 32-bit master read from an 
8-bit slave where the data is copied up during the 
assembly process. Copy-up is used for data assem- 
bly and copy-down is used for data disassembly. 


The copy-up and copy-down operations are also 
used during transfers where assembly or disassem- 
bly are not required. These transfers are: 


e When the master size is smaller than the slave 
size (e.g., 16-bit EISA master cycle to a 32-bit 
EISA slave). 
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e Between a mis-matched master/slave combina- 
tion when only a byte or a word needs to be 

_ transferred (e.g., 32-bit EISA master cycle to an 
8-bit ISA slave and only a byte needs to be trans- 
ferred). 


The number of bytes copied up or down is a function 
of the number of bytes requested (BE[3:0] #) and 
the master/slave size combinations. During EISA 
master cycles where the data copying is performed, 
cycle control is transferred from the bus master to 
the ESC, except during transfers where the master’s 
data size is smaller than the slave’s data size. Dur- 
ing DMA transfers, bus control is maintained by the 
ESC throughout the transfer. 
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Figure 8-2. Copy Function: PCI 16-bit Read from a 16-bit EISA or ISA Slave-BE [3:0] # = 0011 


8.3 The Re-drive Operation 


The re-drive operation is used when both the master 
and the slave, other than PCEB, are on the EISA 
Bus and the master/slave size combination is mis- 
matched. Specifically, re-drive occurs: 


e during EISA master and DMA cycles (excluding 
DMA compatible cycles) where the master’s data 
size is greater than the slave’s data size. 


e during EISA master cycles to ISA slaves where 
the master/slave match in the size. 


e during DMA burst write cycles to a non-burst 
memory slave. 


During a re-drive cycle, the data is latched from the 
EISA Bus, and then driven back onto the appropriate 
EISA byte lanes. During a read cycle, the re-drive 
occurs after the necessary sub-cycles have been 
completed and the read data has been assembled. 
For example, when a 32-bit EISA master (other than 
PCEB) performs 32-bit read from an 8-bit EISA 
slave, the following sequence of events occurs: 


1. The 32-bit EISA master initiates the read cycle. 
Since the master/slave combination is a mis- 
match, the master backs off the bus. The EISA 
master floats its START#, BE[3:0]# and 
SD[31: 0] lines. The cycle control is then trans- 
ferred to the ESC. 


2. 


The ESC brings in the first 8-bit data (byte 0) in 
the first cycle. The ESC asserts SDLEO# to the 
PCEB. 


. When SDLEO# is asserted, the PCEB latches 


byte 0 into the least significant byte lane. 


. In the second cycle, the ESC reads the next 8-bit 


data (byte 1). The PCEB uses SDLE1#, 
SDCPYUP and SDCPYENO-1# to latch byte 1 
and copy it to the second least significant byte 
lane (copy-up). This process continues for byte 2 
and byte 3. On the fourth cycle, the Dword as- 
sembly is complete. During each of the 4 cycles, 
the ESC generates BE[3:0] # combinations. 


. The ESC instructs the PCEB to re-drive the as- 


sembled word to the master by asserting 
SDOE[2:0] #. In this case, all three SDOE[2:0] # 
signals are asserted. 


.When SDOE[2:0]# are asserted, the PCEB 


drives the 32-bit assembled data on SD[31:0] to 
be latched by the master. The ESC generates the 
byte enables (BE[3:0] #). 


. The ESC completes the transfer. 
. At the end of the cycle, the ESC transfers control 


of the EISA Bus back to the EISA master. 
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During a write cycle, the re-drive occurs after the 
write data from the master has been latched, and 
before the data has been disassembled. For exam- 
ple, during a 32-bit write by a 32-bit EISA master to 
an 8-bit EISA slave, in the first cycle of transfer, the 
data swap buffers latch the write data (Dword) from 
the master and drives the first byte back onto the 
lower byte lane of the EISA Bus. The EISA slave 
uses the byte enable (BE[3:0] #) combination put 
out by the EISA master during the first cycle to latch 
the least significant byte. For the subsequent cycles, 
the BE[3:0] # combination is generated by the ESC. 
The PCEB re-drives the second, third and the fourth 
byte on the second, third and the fourth cycles of the 
transfer. The number of cycles run is a function of 
the number of bytes requested (BE[3:0] #), and the 
master/slave size combinations. 


During EISA master and DMA write cycles between 
master and slave combinations on the EISA/ISA 
Bus, where only copying is required and no assem- 
bly/disassembly is required, the swap logic treats 
this as a re-drive cycle. For example, during a write 
transfer between a 32-bit EISA master and a 16-bit 
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EISA or ISA slave, where the master is driving data 
on the upper two byte lanes (BE[3:0] # = 0011), the 
data swap buffers latch the data on the byte lanes 2 
and 3. The data swap logic will then re-drive the data 
onto byte lanes 2 and 3 while copying the data down 


to byte lanes 0 and 1, for latching by the slave de- 
vice. 


When the PCEB is involved as a master or slave, the 
re-drive function is disabled. When the PCEB reads 
32-bit data from an 8-bit slave the following se- 
quence of events occurs: 


1. Same steps as steps 1-4 in the previous example. 


2. Once the assembly is complete, the PCEB inter- 
nally latches the data. 


3. The control is transferred back to the PCEB. 


NOTE: 
During EISA master cycles that require re-driving, 
the control is transferred from the EISA master to 
the ESC before the data is re-driven on the data 
bus. However; during the DMA cycles, the cycle 
control is maintained by the ESC throughout the 
entire cycle. 
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Figure 8-3. Re-Drive Function: 32-bit EISA Master Accessing 
an 8-bit EISA or ISA Slave—32-bit Read/BE[3:0] # = 0000 
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Figure 8-4. Copy with Re-Drive: 32-bit EISA Master Accessing 
a 16-bit EISA or ISA Slave—One Word Write/BE[3:0] # =0011 


9.0 BIOS TIMER 


The PCEB provides a system BIOS Timer that dec- 
rements at each edge of its 1.03 MHz/1.04 MHz 
clock (derived from the 8.25 MHz/8.33 MHz BCLK). 
Since the state of the counter is undefined at power- 
up, the BIOS Timer Register must be programmed 
before it can be used. The timer can be enabled/dis- 
abled by writing to the BIOS Timer Address Register. 


The BIOS Timer Register can be accessed as a sin- 
gle 16-bit quantity or as 32-bit quantity. For 32-bit 
accesses, the upper 16 bits are don’t care (re- 
served). The BIOS Timer !/O address location is 
software programmable. The address is determined 
by the value programmed into the BTMR Register 
and can be located on Dword boundaries anywhere 
in the 64 KByte PCI I/O space. 


The BIOS Timer clock has a frequency of 1.03 MHz 
or 1.04 MHz, depending on the value of BCLK (de- 
rived either from 25 MHz or 33 MHz PCICLK). This 
allows time intervals to be counted from 0 to approx- 
imately 65 milliseconds. The accuracy of the counter 
is +1 ps. 


9.1 BIOS Timer Operations 


A write operation (either 16-bit or 32-bit) to the BIOS 
Timer Register initiates the counting sequence. After 
initialization, the BIOS timer starts decrementing un- 
til it reaches zero. When the value in the timer reach- 
es zero, the timer stops decrementing and register 
value remains at zero until the timer is re-initialized. 


After the timer is initialized, the current value can be 
read at any time. The timer can be re-programmed 
(new initial value written to the BIOS Timer Register) 
before the register value reaches zero. All write and 
read operations to the BIOS Timer Register should 
include all 16 counter bits. Separate accesses to the 
individual bytes of the counter must be avoided 
since this can cause unexpected results (incorrect 
count intervals). 


10.0 PCEB/ESC INTERFACE 


The PCEB/ESC interface (Figure 10-1) provides the 
inter-chip communications between the PCEB and 
ESC. The interface provides control information be- 
tween the two components for PCI/EISA arbitration, 
data size translations (controlling the PCEB’s EISA 
data swap buffers), and interrupt acknowledge cy- 
cles. 


1-529 


82375EB | 


ee 


EISAHOLDA 
las mca 


ae eee INT 


SDCPYEN[13,03:01]# — 


eee ee 
BR ches aaa 


 SDLEISO}# = 


290477-77 


Figure 10-1. PCEB/ESC Interface Signals 


10.1. Arbitration Control Signals 


The PCEB contains the arbitration circuitry for the 
PCI Bus and the ESC contains the arbitration circuit- 
ry for the EISA Bus. The PCEB/ESC Interface con- 
tains a set of arbitration control signals (EISAHOLD, 
EISAHOLDA, NMFLUSH#, and PEREQ#/INTA#) 
that synchronize bus arbitration and ownership 
changes between the two bus environments. The 
signals also force PCI device data buffer flushing, if 
needed, to maintain data coherency during EISA 
Bus ownership changes. 


The PCEB is the default owner of the EISA Bus. If 
another EISA/ISA master or DMA wants to use the 
bus, the ESC asserts EISAHOLD to instruct the 
PCEB to relinquish EISA Bus ownership. The PCEB 
completes any current EISA Bus transaction, 
tri-states its EISA Bus signals, and asserts 
EISAHOLDA to inform the ESC that the PCEB is off 
the bus. 


For ownership changes, other than for a refresh cy- 
cle, the ESC asserts the NMFLUSH# signal to the 
PCEB (for one PCICLK) to instruct the PCEB to flush 
its Line Buffers pointing to the PCI Bus. The asser- 
tion of NUFLUSH # also instructs the PCEB to initi- 
ate flushing and to temporarily disable system buff- 
ers on the PCI Bus (via MEMREQ#, MEMACK#, 
and FLSHREQ#). The buffer flushing maintains 
data coherency, in the event that the new EISA Bus 
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master wants to access the PCI Bus. Buffer flushing 
also prevents dead-lock conditions between the PCI 
Bus and EISA Bus. Since the ESC/PCEB do not 
know ahead of time, whether the new master is go- 
ing to access the PCI Bus or a device on the EISA 
Bus, buffers pointing to the PCI Bus are always 
flushed when there is a change of EISA Bus owner- 
ship, except for refresh cycles. For refresh cycles, 
the ESC controls the cycle and, thus, knows that the 
cycle is not an access to the PCI Bus and does not 
initiate a flush request to the PCEB. After a refresh 
cycle, the ESC always surrenders control of the 
EISA Bus back to the PCEB. 


NMFLUSH # is a bi-directional signal that is negated 
by the ESC when buffer flushing is not being re- 
quested. The ESC asserts NMFLUSH# to request 
buffer flushing. When the PCEB- samples 
NMFLUSH #¥ asserted, it starts driving the signal in 
the asserted state and begins the buffer flushing 
process. (The ESC tri-states NMFLUSH# after as- 
serting it for the initial 1 PCICLK period.) The PCEB 
keeps NMFLUSH# asserted until all buffers are 
flushed and then it negates the signal for 1 PCICLK. 
When the ESC samples NMFLUSH# negated, it 
starts driving the signal in the negated state, com- 
pleting the handshake. When the ESC samples 
NMFLUSH# negated, it grants ownership to the 
winner of the EISA Bus arbitration (at the time 
NMFLUSH# was negated). Note that for a refresh 
cycle, NUFLUSH # is not asserted by the ESC. 
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Figure 10-2. NMFLUSH # Protocol 


When the EISA master completes its transfer and 
gets off the bus (i.e., removes its request to the 
ESC), the ESC negates EISAHOLD and the PCEB, 
in turn, negates EISAHOLDA. At this point, the 
PCEB resumes its default ownership of the EISA 
Bus. 


lf a PCl master requests access to the EISA Bus 
while the bus is owned by a master other than the 
PCEB, the PCEB retries the PCI cycle and requests 
ownership of the EISA Bus by asserting 
PEREQ#/INTA# to the ESC. PEREQ#/INTA# isa 
dual function signal that is a PCEB request for the 
EISA Bus (PEREQ# function) when EISAHOLDA is 
asserted. In response to the PCEB request for EISA 
Bus ownership, the ESC removes the grant to the 
EISA master. When the EISA master completes its 
current transactions and relinquishes the bus (re- 
moves its bus request), the ESC negates EISAHOLD 
and the PCEB, in turn, negates EISAHOLDA. At this 
point, a grant can be given to the PCI device for a 
transfer to the EISA Bus. Note that the INTA# func- 
tion of the PEREQ#/INTA# signal is described in 
Section 10.3, Interrupt Acknowledge Control. 


10.2 EISA Data Swap Buffer Control 
Signals 


The cycles in the EISA environment may require 
data size translations before the data can be trans- 
ferred to its intermediate or final destination. As an 


example, a 32-bit EISA master write cycle to a 16-bit 
EISA slave requires a disassembly of a 32-bit Dword 
into 16-bit words. Similarly, a 32-bit EISA master 
read cycle to a 16-bit slave requires an assembly of 
two 16-bit words into a 32-bit Dword. The PCEB con- 
tains EISA data swap buffers to support data size 
translations on the EISA Bus. The operation of the 
data swap buffers is described in Section 8.0, EISA 
Data Swap Buffers. The ESC controls the operation 
of the PCEB’s data swap buffers with the following 
PCEB/ESC interface signals. These signals are out- 
puts from the ESC and inputs to the PCEB. 


e SDCPYEN[13,03:01] # 
e SDCPYUP 

e SDOE[2:0] # 

e SDLE[3:0] # 


Copy Enable Outputs (SDCPYEN([13,03:01] #) 


These signals enable the byte copy operations be- 
tween data byte lanes 0, 1, 2 and 3 as shown in 
Table 10-1. ISA master cycles do not perform 
assembly/disassembly operations. Thus, these cy- 
cles use SDCPYEN[13,03:01] # to perform the byte 
routing and byte copying between lanes. EISA mas- 
ter cycles however, can have  assembly/ 
disassembly operations. These cycles use 
SDCPYEN[13,03:01]# in conjunction with 
SDCPYUP and SDLE[3:0] #. 
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Table 10-1. Byte Copy Operations 


| Signal Copy Between Byte Lanes 

SDCPYENO1 # Byte 0 (bits [7:0]) and 

Byte 1 (bits [15:8]) 
SDCPYENO2# Byte 0 (bits [7:0]) and 

Byte 2 (bits [23:26]) 
SDCPYENO3 # Byte 0 (bits [7:0]) and 

Byte 3 (bits [31:24]) 
SDCPYEN13# | Byte 1 (bits [15:8]) and 

Byte 3 (bits [31:24]) 


System Data Copy Up (SDCPYUP) 


SDCPYUP controls the direction of the byte copy 
operations. When SDCPYUP is asserted (high), ac- 
tive lower bytes are copied onto the higher bytes. 
The direction is reversed when SDCPYUP is negat- 
ed (low). 


System Data Output Enable (SDOE[2:0] #) 


These signals enable the output of the data swap 
buffers onto the EISA Bus (Table 10-2). SDOE[2:0] 
are re-drive signals in case of mis-matched cycles 
between EISA to EISA, EISA to ISA, ISA to ISA and 
the DMA cycles between the devices on EISA. 


Table 10-2. Output Enable Operations 


SDOE0 # Applies to Byte 0 (bits [7:0]) 


SDOE1 # Applies to Byte 1 (bits [15:8]) 


Applies to Byte 2 and Byte 3 
(bits [31:16]) 


SDOE2 # 
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System Data to Internal (PCEB) Data Latch 
Enables (SDLE([3:0] #) 


These signals latch the data from the EISA Bus into 
the data swap latches. The data is then either sent 
to the PCI Bus via the PCEB or re-driven onto the 
EISA Bus. SDLE[3:0] # latch the data from the cor- 
responding EISA Bus byte lanes during PCI Reads 
from EISA, EISA writes to PCI, DMA cycles between 
an EISA device and the PCEB. These signals also 
latch data during mismatched cycles between EISA 
to EISA, EISA to ISA, ISA to ISA, the DMA cycles 
between the devices on EISA, and any cycles that 
require copying of bytes, as opposed to copying and 
assembly/disassembly. 


10.3 Interrupt Acknowledge Control 


PEREQ#/INTA# (PCI to EISA Request or Interrupt 
Acknowledge) is a dual function signal and the se- 
lected function depends on the status of EISAHLDA. 
When EISAHLDA is negated, this signal is an inter- 
rupt acknowledge (INTA#) and supports interrupt 
processing. If interrupt acknowledge is enabled via 
the PCEB’s PCICON Register and EISAHOLDA is 
negated, the PCEB asserts PEREQ#/INTA# when 
a PCI interrupt acknowledge cycle is being serviced. 
This informs the ESC that the forwarded EISA |/O 
read from location 04h is an interrupt acknowledge 
cycle. Thus, the ESC uses this signal to distinguish 
between a request for the interrupt vector and a 
read of the ESC’s DMA register located at 04h. The 
ESC responds to the read request by placing the 
interrupt vector on SD[7:0]. 


; ntl : 7 82375EB 


11.0 ELECTRICAL | 
CHARACTERISTICS 


*WARNING: Stressing the device beyond the “Absolute 

Maximum Ratings” may cause permanent damage. 
11.1 Absolute Maximum Ratings These are stress ratings only. Operation beyond the 

“Operating Conditions’ is not recommended and ex- 
Case Temperature Under Bias... —65°C to + 110°C tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


Storage Temperature ....%..... —65°C to + 150°C 
Supply Voltages with 

Respect to Ground ....... —0.5V to Voc + 0.5V 
Voltage On Any Pin ......... —0.5V to Voc + 0.5V 
Power Dissipation .......... 0.95 watts fully loaded 


0.75 watts with four slots 


| 11.2 D.C. Characteristics 


11.2.1 JUNCTION TEMPERATURE SPECIFICATIONS 


The junction temperature for the PCEB is 95°C with a case temperature of 85°C. To guarantee device opera- 
tion at 85°C case temperature the ambient temperature allowable is shown in Table 11-1. 


Table 11-1. PCEB Maximum Allowable Ambient Temperature/ Air Fiow Rates 


11.2.2 EISA BUS D.C. SPECIFICATIONS 


EISA Signals : 

BCLK(in), START#(t/s), CMD#(in), M/IO#(t/s), W/R#(t/s), EXRDY(o/d), EX32#(0/d), EX164(in), 
MSBURSTA(t/s), SLBURST#(t/s), LOCK#(t/s), BE[3:0] #(t/s), LA[31:2](t/s), | SD[31:0](t/s), 
REFRESH & (in) 


ISA Signals 
1016(out) 


Interchip Signals 


SDCPYEN[13,03:01] # (in), SDCPYUP(in), SDOE [2:0] # (in), SDLE[3:0] # (in), EISAHOLD(in), 
EISAHOLDA(out), PEREQ#/INTA# (out), INTCHIPO(t/s), NMFLUSH # (t/s) 
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Table 11-2. EISA/ISA Bus D.C. Specifications (Vpp = 5V +5%, Tease = 0°C to + 85°C) 


Toymbot [Parmeter [Min 
Var | edo 
vei | rout igh Vonage | _20v 
iw 
a 


2.0V 
Vo 
RO ae ET ee 
| ee 


Capacitance Output 2 oy 15 pF at 1 MHz 


NOTES: 

1. All EISA Bus signals use Vj, 4, Viy4 for input levels except for the Interchip signals: SOCPYEN#, SDCPYUP, SDOE#, 
SDLE#, EISAHOLD, EISAHLDA, PEREQ#/INTA#, INTCHIPO, NMFLUSH#. 

2. BE[3:0] #, EX16#, EX32#, EXRDY, LA[31:2], LOCK#, M/IO#, MSBURST#, SD[31:0], SLBURST#, START#, W/R#. 

3. SDCPYEN#, SDCPYUP, SDOE#, SDLE#, EISAHOLD, EISAHLDA, PEREQ#/INTA#, INTCHIPO, NMFLUSH#. 
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11.2.3 PCI BUS D.C. SPECIFICATIONS 


PCI System Signals 
PCICLK(in), PCIRST(in) 


PCI Shared Signals 
AD[31:0](t/s), C/BE[3:0] #(t/s), FRAME #(s/t/s), TRDY(s/t/s), IRDY(s/t/s), | TOP#(s/t/s), 
PCILOCK #(s/t/s), IDSEL(in), DEVSEL #(s/t/s), PAR(t/s), PERR #(s/t/s) 


PCi Sideband Signals 

CPUREQ & (in), REQ1 €(in), REQO #/PCEBGNT A (in), REQ[2:3] # (in), CPUGNT # (out), 
GNT0O#/PCEBREQ# (out), GNT1#/RESUME 4 (out), GNT[2:3] # (out), MEMREQ# (out), FLSHREQ # (out), 
MEMACK (in), MEMCS # (out), PIODEC # (in) 


Table 11-3. PCI Bus D.C. Specifications (Vpp = 5V +5%, Tcase = 0°C to + 85°C) 


Input Low Voltage 


Input High Voltage 


Output Low Voltage lori = 3mA, 
loL2 = 6mA 


Output High Voltage lon = —2.0mA 
Low-level Input Current —70 pA Vin = 0.5V 
High-level Input Current 70 pA Vin = 2.7V 


NOTE: 
1. lo_2 applies to those signals requiring external pull-ups: FRAME #, TRD#, IRDY #, STOP#, LOCK#, DEVSEL#. 
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11.3 A.C. Characteristics 


In Tables 11-5 through 11-13, the Symbol column 
shows the timing variable used in the A.C. timing 
waveforms. The parameter column contains the de- 
scription of the timing and its reference signal. If the 
timing is for a particular bus cycle, the cycles are 
listed in parenthesis. Burst cycles include standard 
timings for their requirements. The Min column lists 
either the minimum delay time, setup time, or hold 
time requirement in nano-seconds, unless stated 


a 

intel. 
otherwise. The Max column lists the maximum delay 
time, also in nano-seconds. The Figure column 
shows what A.C. timing waveforms the parameter 
can be found. The Note column may contain a num- 


ber to refer to a specific note found at the end of the 
table. 


The A.C. specifications are based upon the specified 
capacitive loading values in the table below. The 
minimum capacitive loading value is 50 pF for all 
signals. 


Table 11-4. Capacitive Loading Table 


SLBURST #, START #, W/R# 


11.3.1 CLOCK SIGNALS A.C. SPECIFICATIONS 
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Oe 


BE[3:0] #, EX16#, EX32#, EXRDY, LA[31:2], LOCK#, M/IO#, MSBURST #, SD[31:0], 


SDCPYEN #, SDCPYUP, SDOE #, SDLE#, EISAHOLD, EISAHLDA, PEREQ#/INTA#, 
INTCHIPO, NUFLUSH#, PCICLK, PCIRST, AD[31:0], C/BE[3:0] #, FRAME #, TRDY, 

IRDY, STOP #, PCILOCK#, IDSEL, DEVSEL#, PAR, PERR#, CPUREQ#, REQ1#, 

REQO #/PCEBGNT #, REQ[2:3] #, CPUGNT #, GNTO#/PCEBREQ#, 

GNT1#/RESUME #, GNT[2:3] #, MEMREQ#, FLSHREQ#, MEMACK#, MEMCS#, PIODEC# 


240 pF 


50 pF 
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Figure 11-1. PCICLK, BCLK Timing 
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Table 11-5. Clock Signals A.C. Specifications (Vpp = 5V +5%, Tcase = 0° to + 85°C) 


[eetine es 


11.3.2 PCI A.C. SPECIFICATIONS 
Table 11-6. PCI A.C. Specifications (Vpp = 5V +5%, Tcase = 0° to + 85°C) 


symbor[————sParamter «in| Max | igure | Notes 
cae Ko RS Te ee 
Piae | POICLK Active Soup tw POIRSTe Doassered | 1008 | | nar | 


AD[31:0], C/BE[3:0] #, FRAME #, IRDY #,PAR, PERR#, TRDY#, DEVSEL#, STOP#, 
PCILOCK #, IDSEL | 


Twa | Delay fom POGKRamg SCC Sd 
a eee ae 
[ue [wostromocaceing [0 


ite [ret toon OUR 
MEMREQ#, FLSHREQ#, MEMACK # 
rr [ MEWREO, FLSHREG® Oday ron POOLRre | 2 | 
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11.3.3 EISA INTERFACE A.C. SPECIFICATIONS : 
Table 11-7. EISA Master Interface A.C. Specifications (Vpp= 5V +5%, Tcase = 0°C to + 85°C) 


Teymbct | —————wParameter | win | ax | Figures | 


EISA MASTER 
LA[31:2] 


Delay from BCLK Falling fF Se ae 
Float Delay from BCLK Falling (End of Master Mode) Ce ee ee 
BE([3:0] # | 
t7a Delay from BCLK Rising 198 | he eee | 
t7b Float Delay from BCLK Falling (End of Master Mode) fe oe ae 
t7c Float Delay from BCLK Falling (Backoff Cycle) Peimicsdes Bie eee 


M/10 
8a Delay from BCLK Falling Pi eee ee 
pa fea fo 


t8b Float Delay from BCLK Falling (End of Master Mode) 
W/R 

t9a Delay from BCLK Rising 

Float Delay from BCLK Falling (End of Master Mode) 


40 -| 11-43 


START # 
t10a 


Delay from BCLK Rising 

t10b Float Delay from BCLK Falling (Backoff Cycle) 

t10c Float Delay from BCLK Falling (End of Master Mode) 
EX32#, EX16# 

tila Setup to BCLK Rising 

t11b Setup to BCLK Rising (End of Backoff Cycle) 

tlic Hold from BCLK Rising 

tid Hold from BCLK Rising (End of Backoff Cycle) 


EXRDY 
Setup to BCLK Falling he Lone 
pp ei ee 


8 

oO 
ak 
5 
' 
[@>) 


| 
as 

1 
o 


ti2a 

t12b Hold from BCLK Failing 
LOCK 

ti3a_ 


t13b 


Delay from BCLK Rising 
Float Delay from BCLK Falling (End of Master Mode) 


a 
é 
' 
Nh 


t14a 
t14b 
t14c 
t14d 
t14e 


Delay from BCLK Falling (Write) 

Setup Time to BCLK Rising (Read) 

Hold Time from BCLK Rising (Read) 

Float Delay from BCLK Falling (Backoff Write Cycles) 
Float Delay from BCLK Falling (End of Master Mode) 
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= 
— 
ae are 
res 
Oo “ 
SS 
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Table 11-7. EISA Master Interface A.C. Specifications 
(Vpp= 5V +5%, Tease = 0°C to + 85°C) (Continued) 


| Symbol | Parameter | Min | Max | Figures | Notes | 


EISA MASTER BURST CYCLES 
LA[31:2] 


[ais | Dolayromacixraine ————SS~=~“~*~—*~‘iC CC 
MMA ped 


BE([3:0] # 


a 
rR 
[117 | oat Delay rom BCLK Fang End of MasterMode) [0 | a0 | ata | 
a 
a 


Tiisa | Deeytonecikringwwie) ——SsC=C“‘irdC | wh | 


Hold from BCLK Rising (Read) 


Table 11-8. EISA Slave Interface A.C. Specifications (Vpp = 5V +5%, Tcase= 0° to + 85°C) 
| Symbol | Parameter | Min’ | Max | Figures 
EISA SLAVE 
LA[31:2] 


SE a a ae cre ee ee a 

[20a | SeuptoBcikRisng S| 00] 

P #20b', | HoldtromBGLK Rising, | 20] Pee P| 
BE([3:0] # | 

[ia | SeuptoBClKRisingatOwDeTime [| 00 | | ire | 

Hold from BCLK Rising ae pe eae 

[tea | SeuptoaciKRisng S| OY 


W/R 
[in| “Senp wocUKiang tobe Time [eo 
Hold from BCLK Rising eS eS ee SS 
an | woneniee: oe 
ae | ee ee a 
ea, sf See eT ee 
a yr SS Bae 
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Table 11-8. EISA Slave Interface A.C. Specifications (Vpp = 5V +5%, Tcage= 0° to + 85°C) (Continued) 


EXRDY 


Negate Delay from BCLK Rising 
Float Delay from BCLK Rising 


oO 
a 
ol 
os ar 
An peek 
' 
{ee} ie) 


LOCK 
t27a 
t27b 


Setup to BCLK Rising 
Hold from BCLK Rising 


: 
1 
ie) 


Ss 
aaa 
' 
& 
on 


t28a Delay from BCLK Rising (Read) 
t28b Setup to BCLK Rising (Write) 110 
t28c Hold from BCLK Rising (Write) 


EISA SLAVE BURST CYCLES 


11-3, 5 


Setup to BCLK Rising 
Hold from BCLK Rising 


cohen ik 
mea ye ee 
‘ 1! 

on}; on 


BE([3:0] # 
t30a Setup to BCLK Rising 
Hold from BCLK Rising 
_ MSBURST# 

t31a 
t31b 
SLBURST # 


t32 Delay from LA Valid 


ae 
aks 
ae 
' 
oO 


Setup to BCLK Rising 
Hold from BCLK Rising 


— 

aN 
ss ||) ~ ac 
re ee 
' ' 
or} oO 


- 
maar 
= 
1 

ol 


t33a 
t33b 
t33c 


Delay from BCLK Rising (Read) 


So 
ea a 


Hold from BCLK Rising (Write) 


11.3.4 ISA INTERFACE A.C. SPECIFICATIONS 
Table 11-9. ISA Interface A.C. Specifications (Vpp = 5V +5%, Tease = 0° to + 85°C) 


| Symbol Parameter | Min | Max | Figures | Notes 


REFRESH # 


134 Setup to START # Asserted aes se 11-15 ae aero 
1016# 
Assert Delay from BCLK Rising 
Assert Delay from PIODEC Asserted 
Setup to CMD# Asserted 
Hold from CMD # Negated 
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=e 
i) 
a 
ee 
‘ 
set 
CO 
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11.3.5 DATA SWAP BUFFERS A.C. SPECIFICATIONS 


Table 11-10. Data Swap A.C. Specifications (Vpp = 5V +5%, Tease = 0° to + 85°C) 


[symbot [Parameter 


SDCPYEN[13,03:01] #, SDCPYUP # 


SDLE[3:0] # 


[toe | DataSoupTimetoSDLE* Ring «| as || ie [| 
[1980 | Data Hold Time from SDLE@ Rising | a5 | | ne | 


SDOE([2:0] # 


| +39 | Asserted to Valid Data Delay eo, Coe (eee 


11.3.6 ARBITRATION AND INTERRUPT ACKNOWLEDGE A.C. SPECIFICATIONS 


Table 11-11. Arbitration and Interrupt Acknowledge A.C. Specifications 
(Vpp = 5V + 5%, Tease = 0° to + 85°C) 


[Parameter [Min | Max | Figures | Notes 
[woe | SeuptoPOCiKRismg [8 [| 7s] 
Tui | DelayromPOCIKRising [4 [8 | 7 
[ue | DeayromPCIciKRismg | 4 | 8 | 7] 


11.3.7 BUFFER COHERENCY A.C. SPECIFICATIONS ‘ 
Table 11-12. Buffer Coherency A.C. Specifications (Vpp = 5V +5%, Tease = 0° to + 85°C) 


INTCHIPO, NMFLUSH # : 

Tada | Delay rom PCICLK Fising (Acknowledge fom PceB) [4 [is | ve | 
4a | Setup to PCICLK Rising Requestiromesc) | 9 | | ne | 
ruse | HoldtromPCicLKRisng —SSS«dC | 


11.3.8 ADDRESS DECODER A.C. SPECIFICATIONS 
Table 11-13. Address Decoder A.C. Specifications (Vpp = 5V +5%, Tease = 0° to + 85°C) 


symbol | —=S~SCéParameter =| (Min | ‘Max | ‘Figures | Notes 
[#4 | Delay from PCICLK Rising Acknowledge rompece | 2 |W | ini? | 


NOTES: 
1. EX32# must still meet the propogation requirement from LA valid. 
2. PIODEC must be provided in time to meet the EISA specification. 
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11.3.9 A.C. TIMING WAVEFORMS 


BCLK 


START# 
CMD# 


LA[31:2] 


BE[3:0]# 


M/1O 


W/R 
EX32#,EX16# 
EXRDY 


LOCK# 


SD[31:0} 
write cycle fe—t146,t140___ 


SD[31:0] empecea st ere neopets a eee | > 


read cycle 
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Figure 11-2. EISA Master Cycle 


BCLK 


START# 
CMD# 


LA[31:2] 
M/1O 
WIR 

BE[3:0}# 

EX32# 
EXRDY 


LOCK# 


SD[31:0] 
write cycle 


SD[31:0] 
read cycle 
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Figure 11-3. EISA Slave 
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BCLK 
START# 
CMD# 


SLBURST# 


MSBURST# 


LA 


BE[3:0]}# 


SD[31:0] 
read cycle 


SD[31:0] 
write cycle 


BCLK 
START# 
CMD# 


SLBURST# 
MSBURST# 
LA 

BE[3:0]# 


SD[31:0] 
read cycle 


SD[31:0] 
write cycle 


t14b,t14¢ t19b,t19c 
. of ke to 


Figure 11-4. EISA Master Burst 


Figure 11-5. EISA Slave Burst 


{16% ») 


| 
t19b,t1 
at a 
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(£19b,t1 *% 
t19a ‘>| 
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290477-83 
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BCLK 


START# 
CMD# 


LA[31:2] 


BE[3:0}# : ; 3 


t14b,t14c 
}-—_———+] 


SD[31:0] a aened 
read cycle , ) | ; 
SD[31:0] : 
write cycle nbs 
EX32# i ee en 


w Slave Size Sample Points 
© Control Transfers from PCEB to System or System to PCEB 
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Figure 11-6. Backoff Cycles 


PCICLK 
EISAHOLD 


EISAHOLDA 


142+ | 142—» 
PEREOSINIA Se 
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Figure 11-7. EISAHOLD Signals 


PCICLK 


NMFLUSH#,INTCHIPO 


. Control Transfer from ESC to PCEB or PCEB to ESC 
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Figure 11-8. Flush Requests 


PCICLK 
REQx#, CPUREQ# 


~o——_——<) 
as CS Ce ee = eee 
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Figure 11-9. PCi Bus Arbitration 
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PCICLK 


a 


Shared Signal 
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Figure 11-10. PCI Shared Signals 


ce serrate 
PCIRST# 


BOIS area ga ar ens Se RE ae 


290477-89 


Figure 11-11. PCIRST # Signal 


PCICLK 


MEMREQ#, FLSHREQ# 
———136e ——_—+| 


MEMACK# —_— 
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Figure 11-12. MEMREQ#, FLSHREQ#, MEMACK # Signals 


BCLK / \ / 


MACK# t6b,t7b,t8b,t9b,t10c, 
t13b,t14e,t17b 


LA(S1:2}, BELS:0], MAQK, WIR, > 


LOCK, START#, SD[31:0], MSBURST# 
290477-91 


Figure 11-13. End of Master Mode 
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Figure 11-14. PPODEC # to EX32# Propogation 
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REFRESH# 
START# 
LA 


1016#(1) 


PIODEC# 
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Figure 11-15. ISA Interface Signals 


SDCPYUP# \ | 
Le t37—# 
Soeur co te 


ee es t37c—> 
Qt Dit, EF 


in Data + SR ROE GT ERED PORE TROT 


ee 
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Figure 11-16. Data Swap Buffers 


a tae ee ee a Ne a ee ke 
Se 
aa ee ie ti oe 
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Figure 11-17. MEMCS # Signal 
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Figure 11-18. 1016 # Signal 
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11.4 NAND Tree 


A NAND Tree is provided primarily for Vi/Vi} test- 
ing. The NAND Tree is also useful for Automated 
Test Equipment (ATE) at board level testing. The 
NAND Tree allows the tester to test the solder con- 
nections for each individual signal pin. 


The TEST# pin, along with BCLK, PIODEC# and 
EX16#, activates the NAND Tree. The following 
combinations of PPODEC #, EX16#, and TEST # will 
cause each buffer to be tri-stated: 


PIODEC# = “1” and EX16# = “0” and 
TEST# = “0” 


or 
PIODEC# = “0” and EX16# = “1” 


Care must be taken as the test is in progress to 
ensure that one of the preceding combinations is 
valid. Otherwise, the test mode will be exited. 


Asserting TEST # causes the output pulse train to 
appear on the EISAHLDA pin. BCLK must be driven 
low in order to enable the NAND Tree. 


82375EB 


The sequence of the ATE test is as follows: 


1. Drive TEST# low, EX16# high, PIODEC# low, 
and BCLK low. 


2. Drive each pin high, except for the pins 
mentioned in the discussion above (TEST #, 
PIODEC#, and BCLKk). 


3. Starting at pin 168 (1016#) and continuing with 
pins 169, 170, etc., individually drive each pin 
low, remembering to toggle PIODEC# from low 
to high when EX16# is toggled from high to low. 
Also, when PIODEC # is driven low, EX16# must 
be driven high. Expect EISAHLDA to toggle after 
each corresponding input pin is toggled. The final 
pin in the tree is pin 166 (LOCK#). BCLK is not 
part of the tree, and EISAHLDA is operated only 
as an output. Also, please note that no-connect 
(NC), Vcc, and Vss pins are not a part of the 
NAND Tree. 


4. Turn off tester drivers before enabling the 
PCEB’s buffers (via PIODEC#, TEST#, and 
EX16#). 


5. Reset the PCEB prior to proceeding with further 
testing. 
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-NAND Tree Cell Order: 


# 
168 1016 #(1) 


170 START 


171 EXRDY 


ae a 

: [s080 

: 

: 

a 

co | UNS 
raze 


NOTES: 
1. Start of NAND Tree. 


+ 


cos eat, eek ‘VU 
m}— | oO N — = 


LA31 # 
LA30 # 
LA29 # 
LA28 # 
LA27 # 
LA26 # 
LA25 # 
LA24 # 
LA16 


20 


LA10 


ioe) 
ie) 
> 
ine) 


Gd 
£ 


LA21 
LA20 
SD16 
SD17 
LA19 
SD18 
SD19 
LA18 | 


aw 


7 
38 
4 
41 
2 


2) 


pif 
ioe) 


io) 


Pin 
Name 
SD21 
SD22 : 


SD26 


a 
5 


02) 
O 
i) 
oO 


# 

44 
45 
47 
48 


SD28 


SD10 


5 
5 
5 
6 
6 


1 

5 

7 

1 

5 
67 
70 
71 
72 
73 
74 
75 
76 
81 
83 
85 
87 


2. Must be “1” when PIODEC # is ‘‘0” and must be “0’”’ when PIODEC # is ‘‘1”’. 
3. Must be “0” when EX16# is “1” and must be “1” when EX16# is “0”. 
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165 NMFLUSH # : 
166 LOCK # 


Cell 159 
Cell 1 


Pin 168 (1016#) wee te —] »— to EISAHLDA 
Pin 169 (CIBEO*) 


Pin 166 (LOCK# 
290477-A0 


Figure 11-19. NAND Tree 
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SDCPYENO3# 
VSS 


SOCPYENO1# © 


SOLEO# 
SOLE1# 
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SLBURST# 
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VSS 
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Table 12-1. Alphabetical PCEB Pin Assignment 


| _Name | Pin# | Type | 
jlazee =| 6 | ts | 
jlazo# | 5 | ts | 
|MEMACK# | 86 | in 
/Memcs# | 88 | out _| 
|MEMREQ# | 87 | out 
PNG 8 Nee 
PPoICLK | 91 | in| 
|PoIRST# | 93 | in 
INTA# 
|PIODEC# | 89 | in | 
|REFRESH# | 160 | in | 


> 
2 


i 
O 
o 


> 
O 
no 


> 
ra) 


BE1# 
BE2# 
; 


t/s 
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Table 12-1. Alphabetical PCEB Pin Assignment (Continued) 


SDOE1 # 


SDOE2 # 


N - 
Di Di Di ND! WD! WN! W 
DM) WD) WD) ND! WY) WO) W 


Re) vt < 


12 
12 


140 
149 
183 


Pi a es 


ce 
sie 
O\|l=- 
~-i|r 


|SDCPYENO1# | 179 | in _| 
|SDCPYENO2# | 180 | in_| 
|SDCPYENO3# | 184 | in_| 
|SDCPYEN13# | 185 | in _ 
pspcpyup | 186 | in_| 
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Table 12-2. Numerical PCEB Pin Assignment 


Pint | Name | Type 
Pea! | POIGLK |) ins | 
eee. | OSE | iis 

t/s | 93 | PCIRST# | in | 

t/s bie) pe | ee TT 

oe. | UNG. NGL 
(98 | AD3O | vs 

[ 90. | Abee |} Mex | 
LA25# t/s 100 t/s 
Lior | apa7_ | ts_| 

t/s 
SD11 

Vss 

t/s 

t/s 

t/s t/s 

| REQo# | in 

| Regte jin | 

| REQ2# | in 

| REQ3# | in | t/s 

| CPUREQ# | in 

t/s 121 

| GNT2# | out 

Vss 

| MEMACK# | in 

133 

| PIODEC# | in | 

t/s a ae C/BE1# | t/s 
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|Pint | Name | Type. 
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jig9 | SDOE2# | in _| 


SDCPYUP 

SDOE0O # 

SDOE1 # 
Vpp 


MSBURST # 


190 


/185 | SDCPYEN13# | in _ 
|206 | = BEi# | t/s_ 


TIN IO! TL wWO!]Orm| Oo OD)|Oolr 
D1} D1 HD) MD! DMD! HD! OD! MD! Oo}; O 
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12.2 Package Characteristics 


0.305+0.055 


3.40+0.10 | 


3.86 Max 


‘ ike 
sy | —+| |e— 0.2320.05 


0.076 Max 


* Note* Height Measurements same 

as Width Measurements 
Tolerance Window for 
Lead Skew from Theoretical 
True Position 


‘ 0.10 Max 


Units: mm 
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Figure 12-2. 208-Pin Quad Flat Pack (QFP) Dimensions 
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13.0 TERMINOLOGY 


Assembly/Disassembly: This occurs when the 
master/slave data sizes are mismatched. The ESC/ 
PCEB runs multiple cycles to route bytes to the ap- 
propriate byte lanes (byte swapping). For example, if 
a PCI agent (i.e., 32-bit master) is accessing an EISA 
or an ISA 8-bit slave, the ESC/PCEB will run four 
cycles to the ISA 8-bit slave and route the bytes to 
appropriate byte lanes. 


Bus Lock Mode: This is the mode when the entire 
PCI Bus is locked. 


Data Line: In the case of the PCEB, data line (or 
line) denotes one line of the 4-line internal PCEB 
Line Buffer. 


Data Size Translation: This is performed by the 
PCEB/ESC when the master and slave data bus 
sizes do not match (i.e., 32-bit master/8-bit slave). 
During a data size translation, the PCEB/ESC will 
perform one or more of the following operations, de- 
pending on the master/slave data size combination, 
master/slave type (PCI/EISA/ISA), transfer direc- 
tion (Read/Write), and the number of byte enables 
asserted: data assembly, data coping (up or down), 
or data re-drive. 


DMA Device: A DMA device requests service by as- 
serting DREQx. During DMA transfers, the data is 
transferred a memory slave (i.e., DMA Buffers inter- 
nal to PCEB or memory on EISA/ISA bus) and an 
I/O slave (the I/O device is always on EISA/ISA 
bus). The I/O slave device is referred to as the DMA 
device. 


EISA Bus: The EISA Bus (Extended ISA Bus) is a 
superset of the ISA bus. It includes all ISA bus fea- 
tures, along with extensions to enhance perform- 
ance and capabilities. 


EISA Master: A 16-bit or 32-bit bus master that uses 
the EISA signal set to generate memory or I/O cy- 
cles. The ESC component converts the EISA control 
signals to ISA signals, when necessary. 


EISA Slave: An 8-bit, 16-bit, or 32-bit memory I/O 
slave device that uses the extended signals set of 
the EISA Bus to accept cycles from various. masters. 
An EISA slave returns information about its type and 
data width using extended and ISA signals. 


ESC: Integrated EISA Peripherals. This component 
is connected to the EISA/ISA bus and to the PCEB 
component. The ESC works in tandem with the 
PCEB component to translate bus protocols be- 
tween the PCI and EISA/ISA buses. 
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Flush: Transfer the contents of the buffer to its des- 
tination. In the case of the Line Buffers, this term 
means, transfer the content of the Line Buffer to PCI 
memory. In case of the Posted Write Buffers 


(PWBs), it means transfer the contents to its EISA/ 
ISA memory destination. 


GAT Mode: Guaranteed Access Time Mode. This 
mode is used to guarantee that the ISA 2.1 us 
CHRDY is not violated. 


Initiator: A PCI agent that initiates a PCI cycle (i.e., 
a PCI master). 


I/O Subsystem: This refers to the PCI-EISA Bridge 
and all the |1/O and memory devices attached to the 
EISA Bus. The PCEB and ESC are components of 
this 1/O subsystem. 


ISA Bus: The bus used in the Industry Standard Ar- 
chitecture compatible computers. In the context of 
an EISA system, it refers to the ISA subset of the 
EISA Bus. For more details, refer to the IEEE P996 
document. 


ISA Master: A 16-bit master that uses the ISA sub- 
set of the EISA Bus for generation of memory or |/O 
cycles. This device must understand 8-bit or 16-bit 
ISA slaves, and route data to the appropriate byte 
lanes. It is not required to handle any of the signals 
associated with the extended portion of the EISA 
Bus. The ESC converted the ISA control signals to 
EISA signals, when necessary. 


ISA Slave: An 8-bit or 16-bit slave that uses the ISA 


_ subset of the EISA Bus to accept cycles from vari- 


ous masters. It returns ISA signals to indicate its 
type and data width. 


Line Buffer: This denotes the 4x16 byte internal 
PCEB Line Buffers. 


Memory Subsystem: This consists of the second 
level (L2) Cache (Cache Controller and SRAMs), the 
memory (DRAMs, DRAM Controller, Data Buffers), 
and PCI Bridge. ; 


Mis-matched Data Size: A master and slave that do 
not have equal data sizes (i.e., PCI agent accessing 
an 8-bit ISA slave, or a 16-bit DMA device accessing 


a 32-bit EISA memory slave). 


PCEB: PCI-EISA Bridge. This component is con- 
nected to the PCI and EISA Buses. The PCEB works 
in tandem with the ESC component to translate bus 
protocols between the PCI and the EISA/ISA bus. 
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PCI: Peripheral Component Interconnect. This is the 
physical interconnect mechanism intended for use 
between highly integrated peripheral controller com- 
ponents and processor/memory systems. PCI is a 
multiplexed version of the Intel 486 bus, with control 
mechanism modified and extended for optimal I/O 


support. Refer to PCI Specification Revision 1.0 for 
more details. 


PCI Agent: A 32-bit master that resides on the PCI 
Bus. 


Posted Write Buffers: These are 4-byte wide unidi-. 


rectional buffers used in the PCEB for PCI master 
access to EISA/ISA slaves. 


Re-drive: This occurs when both the master and 
slave are on the EISA/ISA bus, and the master/ 
slave data size combination is mismatched (i.e., 
32-bit EISA master accessing an 8-bit ISA slave). 


During a re-drive cycle, the data is latched from the 
EISA/ISA bus and then driven back onto the appro- 
priate EISA/ISA byte lane. 


Read State: Data residing in the Line Buffers has 
been READ from the PCI memory. 


Target: The destination of the PCI cycle (i.e., a PCI 
slave). 


Target Abort: This resembles the RETRY, though 
the Target must deassert DEVSEL# along with the 
assertion of STOP#. 


Turn-Around Cycle: This is a required PCI cycle 
when one or more signals are driven by more than 
one agent. This cycle is required to avoid contention 
when one agent stops driving a signal and another 
agent begins. A turn-around cycle must last at least 
one clock. 


14.0 REVISION HISTORY 


The following list represents the key differences be- 
tween version -001 and version -002 of the 82375EB 
PCI-EISA Bridge (PCEB) data sheet. 


Section 2.2 


Section 2.6 


Section 2.7 


Section 3.1.6 


Section 3.1.7 


Section 3.1.9 


Section 3.1.26 


Section 5.1.7 


Section 5.4.1 


_ Section 5.4.1.1 


Section 6.1.2 


Section 11.3.6 


Section 11.3.7 


Section 11.4 


i a 
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External pull-up resistor requirements 
added to CPUGNT #, GNT0#/ 
PCEBREQ#, GNT1#/RESUME#, 
and GNT[3:2] # signal descriptions. 


External pull-up resistor requirement 
added to INTCHIPO signal descrip- 
tion. 


External pull-up requirement added 
for all signals designated as NC (no- 
connect). 


Master Latency Timer Register de- 
fault value changed from 08h to OOh. 


PCI Control Register redefined to 
allow subtractive decoding of PCI 
Interrupt Acknowledge cycles. 


Previously reserved PCEB configu- 
ration register located at offset 43h 
defined as PCI Arbiter Priority Con- 
trol Extension. This was done in or- 
der to allow programmability for 
bank 3. 


EISA Latency Timer Register de- 
fault value changed from OOh to 
7Fh. 


Discussion of PCI Interrupt Ac- 
knowledge cycles modified to re- 
flect the subtractive decode option. 
Arbiter discussion modified to re- 
flect the programmability of bank 3. 


Arbiter discussion modified to re- 
flect the programmability of bank 3. 


EISA PCI Line Buffer discussion ap- 
pended to include enhanced read 
prefetch algorithm. 


Changes to A.C. Specifications 
made. 


Changes to A.C. Specifications 
made. 


NAND Tree information added. 
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82378 
SYSTEM I/O (SIO) 
m Provides the Bridge between the PCI @ Arbitration for ISA Devices 
Bus and ISA Bus — ISA Masters 
m 100% PCI and ISA Compatible — DMA and Refresh 
— PCI and ISA Master/Slave Interface @ Utility Bus (X-Bus) Peripheral Support 
— Directly Drives 10 PCI Loads and 6 — Provides Chip Select Decode 
ISA Slots — Controls Lower X-Bus Data Byte 
— Supports PCI at 25 MHz and Transcelver 
33.33 MHz — Integrates Port 92, Mouse Interrupt, 
— Supports ISA from 6 MHz to Coprocessor Error Reporting 
6.33 MHz m Integrates the Functionality of One 
m@ Enhanced DMA Functions 82C54 Timer 
— Scatter/Gather — System Timer 
— Fast DMA Type A, B, and F — Refresh Request 
— Compatible DMA Transfers — Speaker Tone Output 


— 32-Bit Addressability 


i lity of T 
— Seven Independently Programmable m Integrates the Functionality of Two 


82C59 Interrupt Controllers 


Channels Saf 
— Functionality of Two 82C37A DMA rupee eee 
Controllers m@ Non-Maskable Interrupts (NMI) 


— PCI System Errors 
— ISA Parity Errors 


208-Pin QFP Package 
5V CMOS Technolo 


m Integrated Data Buffers to Improve 
Performance 
— 8-Byte DMA/ISA Master Line Buffer 
— 32-Bit Posted Memory Write Buffer 
to ISA 


@ Arbitration for PCI Devices 
— Two or Four External PCI Masters 
Are Supported 
— Fixed, Rotating, or a Combination of 
the Two 


mw Integrated 16-Bit BIOS Timer 


The 82378 System I/O (SIO) component provides the bridge between the PCI local bus and the ISA expansion 
bus. The SIO also integrates many of the common I/O functions found in today’s ISA based PC systems. The 
SIO incorporates the logic for a PCI interface (master and slave), ISA interface (master and slave), enhanced 
seven channel DMA controller that supports fast DMA transfers and Scatter/Gather, data buffers to isolate the 
PCI bus from the ISA bus and to enhance performance. PCI and ISA arbitration, 14 level interrupt controller, a 
16-bit BIOS timer, three programmable timer/counters, and non-maskable-interrupt (NMI) control logic. The 
SIO also provides decode for peripheral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse 
Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk Drive. 


This data sheet describes the 82378IB and 82378ZB components. All normal text describes the functionality for both compo- 
nents. All features that exist on the 82378ZB are shaded as shown below. 


ample of what the shaded sections that apply only to the 82378ZB component look like. ts 
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PCICLK 
PCIRST# 
AD[31:0] 

C/BE#[3:0] 
FRAME# 

TRDY# 
IRDY# 
STOP# 
LOCK# 
DEVSEL# 
SERR# 
PAR 
IDSEL 
MEMCS# 


CPUREQ# 
CPUGNT# 
REQO#/SIOGNT# 
GNT0#/SIOREQ# 


REQ1# 


GNTI#/RESUMES <¢1— 


MEMACK# 
FLSHREQ# 


IRQ8# 
IRQ12/M 
INT 

NMI 


1RQ(15,14,11:9,7:3,1) 


PCI 
Bus 
Interface 


PCl 
Arbiter 


CPU 
Interface 


SIO Block Diagram 


Data Buffers l¢@ 


PCI 


ISA 
: Decode a 


ISA 
Bus 
Interface 


DMA 
(Scatter/ 
Gather) 


Timers/ 
Counters 


BIOS Timer 


Utility 
Bus 
Support 
Logic 


82378 PCiset 


SD[15:0] 
SA[19:0] 
LA[23:17] 
lOCS16# 
MEMCS16# 
SBHE# 
MASTER# 
MEMR# 
MEMW# 
AEN 
IOCHRDY 
lOCHK# 
SYSCLK 
BALE 
lOR# 
low# 
SMEMR# 
SMEMW# 
ZEROWS# 
RSTDRV 
osc 


DREQ[7:5,3:0] 
DACK[7:5,3:0]# 
EOP 
REFRESH# 


UBUSTR 
UBUSOE# 
ECSADDR[2:0] 
ECSEN# 


DSKCHG 


ALT_RST# 
ALT_A20 


FERR#/IRQ13 
IGNNE# 
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ADVANCE INFORMATION 


82091AA 
ADVANCED INTEGRATED 
PERIPHERAL (AIP) 


Single-Chip PC Compatible I/O Solution 

for Notebook and Desktop Platforms: 

— 82078 Floppy Disk Controller Core 

— Two 16550 Compatible UARTs 

— One Multi-Function Parallel Port 

— IDE Interface 

— Integrated Back Power Protection 

— Integrated Game Port Chip Select 

— 5V or 3.3V Supply Operation with 5V 
Tolerant Drive Interface 

— Full Power Management Support 

— Supports Type F DMA Transfers for 
Faster I/O Performance 

— No Wait-State Host I/O Interface 

— Programmable Interrupt Interfaces 

— Single Crystal/Oscillator Clock 
(24 MHz) 

— Software Detectable Device ID 

— Comprehensive Powerup 
Configuration 


The AIP is 100% Compatible with EISA, 
ISA and AT 


Host Interface Features 

— 8-Bit Zero Wait-State ISA Bus 
interface 

— DMA with Type F Transfers 

— Five Programmable ISA Interrupt 
Lines 

— Internal Address Decoder 


Parallel Port Features 

— All IEEE Standard 1284 Protocols 
Supported (Compatibility, Nibble, 
Byte, EPP, and ECP) 

— Peak Bi-Directional Transfer Rate of 
2 MB/sec 

— 16 Byte FIFO for ECP 


Floppy Disk Controller Features 

— 100% Software Compatible with 
Industry Standard 82077SL and 
82078 

— Integrated Analog Data Separator 
250K, 300K, 500K, 1M 

— Programmable Powerdown 
Command 

— Auto Powerdown and Wakeup 
Modes 

— Integrated Tape Drive Support 

— Perpendicular Recording Support for 
4 MB Drives 

— Programmable Write 
Pre-Compensation Delays 

— 256 Track Direct Address, Unlimited 
Track Support 

— 16 Byte FIFO 

— Supports 2 or 4 Drives 


16550 Compatible UART Features 

— Two Independent Serial Ports 

— Software Compatible with 8250 and 
16450 UARTs 

— 16 Byte FIFO per Serial Port 

— Two UART Clock Sources, Supports 
MIDI Baud Rate 


IDE Interface Features 

— Generates Chip Selects for IDE 
Drives 

— Integrated Buffer Control Logic 

— Dual IDE Interface Support 


Power Management Features 

— Transparent to Operating Systems 
and Applications Programs 

— Independent Power Control for Each 
integrated Device 


= 100-Pin QFP Package 
See Packaging Spec. 240800 


The 82091AA Advanced Integrated Peripheral (AIP) is an integrated |/O solution containing a floppy disk 
controller, 2 serial ports, a multi-function parallel port, an IDE interface, and a game port on a single chip. The 
integration of these I/O devices results in a minimization of form factor, cost and power consumption. The 
floppy disk controller is the 82078 core with a data rate up to 2 Mbs. The serial ports are 16550 compatible. 
The parallel port supports all of the IEEE Standard 1284 protocols (ECP, EPP, Byte, Compatibility, and Nibble). 
The IDE interface supports 8-bit or 16-bit programmed I/O and 16-bit DMA. The Host Interface is an 8-bit ISA 
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interface optimized for type “F’’ DMA and no wait-state I/O accesses. Improved throughput and performance, 
the AIP contains six 16-byte FIFOstwo for each serial port, one for the parallel port, and one for the floppy disk 
controller. The AIP also includes power management and 3.3V capability for power sensitive applications such 
as notebooks. The AIP supports both motherboard and add-in card configurations. 


Serial Port 


Hoet 16550 


Interface 


Serial Port 
16550 


IDE 
Interface 


Parallel Port 
Buffer Direction 
or 
Game Port 
Chip Select 


PPDIR or 
GAME 
Chip Select 


290486-1 


Figure 1. 82091AA Advanced Integrated Peripheral Block Diagram 
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PRELIMINARY 


UPI-C42/UPI-L42 
UNIVERSAL PERIPHERAL INTERFACE 
CHMOS 8-BIT SLAVE MICROCONTROLLER 


m@ Pin, Software and Architecturally 
Compatible with all UPI-41 and UPI-42 
Products 


m Low Voltage Operation with the UPI- 


m One 8-Bit Status and Two Data 
Registers for Asynchronous Slave-to- 
Master Interface 


= Fully Compatible with all Intel and Most 


L42 Other Microprocessor Families 

— Full 3.3V Support m Interchangeable ROM and OTP EPROM 
m Integrated Auto A20 Gate Support Versions 
m Two New Power Down Modes mw Expandable I/O 

— STANDBY ; 

— SUSPEND m Sync Mode Available 
m Security Bit Code Protection Support m Over 90 Instructions: 70% Single Byte 
m 8-Bit CPU plus ROM/OTP EPROM, RAM, #® Quick Pulse Programming Algorithm 

1/O, Timer/Counter and Clock in a — Fast OTP Programming 

Single Package @ Available in 40-Lead Plastic, 44-Lead 
m 4096 x 8 ROM/OTP, 256 x 8 RAM 8-Bit Plastic Leaded Chip Carrier, and 

Timer/Counter, 18 Programmable 1/O 44-Lead Quad Flat Pack Packages 

Pins (See Packaging Spec., Order #240800, Package Type P, N, 
= DMA, Interrupt, or Polled Operation se 

Supported 


The UPI-C42 is an enhanced CHMOS version of the industry standard Intel UPI-42 family. It is fabricated on 
Intel’s CHMOS IlII-E process. The UPI-C42 is pin, software, and architecturally compatible with the NMOS UPI 
family. The UPI-C42 has all of the same features of the NMOS family plus a larger user programmable memory 
array (4K), integrated auto A20 gate support, and lower power consumption inherent to a CHMOS product. 


The UPI-L42 offers the sarne functionality and socket compatibility as the UPI-C42 as well as providing low 
voltage 3.3V operation. 


The UPI-C42 is essentially a ‘‘slave’’ microcontroller, or a microcontroller with a slave interface included on the 
chip. Interface registers are included to enable the UPI device to function as a slave peripheral controller in the 
MCS Modules and iAPX family, as well as other 8-, 16-, and 32-bit systems. 


To allow full user flexibility, the program memory is available in ROM and One-Time Programmable EPROM 
(OTP). 


DACK 


Test oC}! 401 Veg 
xTaL1 C42 39f5 Test 1 | 
XTAL2 C3 38 [J P,7 /DACK 
RESET (4 37 F Pg /DRQ 
ss js 3619 Ps /lBF 
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Figure 1. DIP Pin 290414-2 i 


Configuration Figure 3. QFP Pin Configuration 


Figure 2. PLCC Pin Configuration 


Refer to Chapter 4 for the complete data sheet on this device. 
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EISA TERMINOLOGY 


ISA BUS— The bus used in Industry Standard Archi- 
tecture compatible computers. In the context of an 
EISA system, it refers to the ISA subset of the EISA 
bus. 


EISA BUS— Extended ISA bus, a superset of the 
ISA bus. It includes all ISA bus features, along with 
extensions to enhance performance and capabili- 
ties. 


HOST CPU— The main system processor, located 
on a separate Host Bus. This uses the EBC and oth- 
er system board facilities to interface to the EISA 
bus. 


CPU CYCLE— 386 CPU and/or the 82385 subsys- 
tem, or 80486 CPU is the master running the cycle. 


EISA MASTER— A 16-bit or 32-bit bus master that 
uses the EISA signal set to generate memory or |/O 
cycles. The bus controller will convert the EISA con- 
trol signals to ISA signals, when necessary. 


ISA MASTER—A 16-bit bus master that uses the 
ISA subset of the EISA bus for generation of memo- 
ry or |/O cycles. This device must understand 8-bit 
or 16-bit ISA slaves, and route data to the appropri- 
ate byte lanes. It is not required to handle any of the 
signals associated with the extended portion of the 
EISA bus. 


EISA SLAVE— An 8-bit, 16-bit or 32-bit memory or 
I/O slave device that uses the extended signal set of 
the EISA bus to accept cycles from various masters. 
It returns information about its type and width using 
extended and ISA signals. 


ISA SLAVE— A 16-bit or 8-bit slave that uses the 
ISA subset of the EISA bus to accept cycles from 
various masters. !t returns ISA signals to indicate its 
type and width. , 


DMA SLAVE— An !/O device that uses the DMA 
signals (DREQ, DACK #) of the system board ISP to 
perform a direct memory access. 


ISACMD— The ISA command signals (lIORC#, 
lOWC #, MRDC#, MWTC#) 


ASSEMBLY/DISASSEMBLY— This occurs when 
the master/slave data bus size are mismatched. The 
EBC runs multiple cycles to route bytes to the appro- 
priate byte lanes (byte swapping). For example, if 
the 32-bit CPU is accessing an 8-bit slave, the EBC 
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will need to run four cycles to the 8-bit slave and 
route the bytes to appropriate byte lanes. 


CYCLE TRANSLATION— This is performed by the 
EBC when the master and slave are on different 
busses (Host/EISA/ISA). The EBC will translate the 
master protocol to the slave protocol (Host master 
accessing EISA slave). 


EISA System Introduction 


Extended Industry Standard Architecture (EISA) is a 
high performance 32-bit architecture based upon the 
Industry Standard Architecture (ISA) (PC AT*). The 
wide acceptance of the 32-bit 386 microprocessor 
family has led to this interest in extending ISA to 32- 
bits. EISA’s advanced capabilities and 32-bit archi- 
tecture can unleash the full potential of the 386 and 
i486™ CPUs. 


The EISA consortium has defined the EISA bus in 
response to the demand for a 32-bit high perform- 
ance ISA compatible system. The open industry 
standard allows for industry wide participation, com- 
patibility, and differentiation. 


EISA brings advances in performance and conve- 
nience to the user. It provides 32-bit memory ad- 
dressing and data transfers for CPU, DMA and bus 
masters allowing 33 Mbyte/second transfer rate for 
DMA and bus masters on the EISA bus. EISA pro- 
vides a specification for auto-configuration of add-in 
cards that will eliminate the need for jumpers and 
switches on EISA cards. Interrupts are shareable 
and programmable. Figure 1 and 2 show the types 
of busses in an EISA system. A new bus-arbitration 
makes possible a new generation of intelligent bus 
master add-in cards that bring advanced applica- 
tions to PCs. 


Since the EISA system is 100% compatible with the 
ISA 8-bit and 16-bit expansion boards and software, 
ISA cards can be plugged into the EISA connector 
slots. The EISA slots can be defined as ISA or EISA 
for ease of compatibility during configuration. The 
EISA connector is a superset of the ISA connector 
maintaining full compatibility with ISA expansion 
cards and software. Simultaneous use of EISA and 
ISA add-in boards is available with automatic system 
and expansion board configuration. 


82350 EISA Chip Set Highlights 


The Intel 82350 EISA chip set is the industry’s first 
100% EISA/ISA compatible chip set. The 82350 


*PC AT is a trademark of International Business Machines Corporation. 
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EISA chip set supports the 33 MHz and 25 MHz 
386 CPU or i486 CPU, 82385 Cache Controller, and 
optional 80387 numerics coprocessor. The EISA 
chip set includes three chips: 


82352DT EISA Bus Buffers (EBB) (Optional) 
82357 Integrated System Peripheral (ISP) 
82358 EISA Bus Controller (EBC) 


Information on the 82352DT EBB device is located 
in a separate data sheet. 


The ISP performs the DMA functions-of the system 
and is fully compatible with ISA functions. It inte- 
grates seven 32-bit DMA channels, five 16-bit tim- 
er/counters, two eight channel interrupt controllers, 
and provides for multiple NMI control and genera- 
tion. It provides refresh address generation and 
keeps track of pending refresh requests when the 
bus is unavailable. The ISP supports multiple EISA 
bus masters while offering intelligent system arbiter 
services which grant the bus on a rotational basis. 


1386™ CPU 


"82395 
Cache 
Controller 


Wh 


Y % 
l #8235201 
' EBB 


Y 
DATA SWAP 
BUFFER Z 


5387™ Co-Proc. 


MEMORY* 
CONTROL 


Gs 8235201 
! EBB 
ZOATA PARITY 
BUFFER 4 


Y 18235201 
' EBB 
ADDRESS 


BUFFER Z 


ADDRESS BUS 
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intel. 
The EBC is the EISA “‘engine’’. It is an intelligent bus 
controller that controls 8, 16 and 32-bit bus masters 
and slaves. It provides the state machine interface 
to Host, ISA and EISA busses and other IC’s in the 
chip set. It offers a simple interface to the 386/i486 
CPU and EISA bus. The EBC services as a bridge 
between the EISA and ISA devices. Data bus size 
mismatches are handled automatically by the EBC 
(including byte assembly and disassembly). It also 
guarantees cache operation on the Host, EISA, and 
ISA busses. 


More information on EBC and ISP devices can be 
found in the data sheets in this document. © - 


The 82355 Bus Master Interface Chip (BMIC) is a 
new device for add-in cards that takes advantage of 
the EISA bus master capabilities. Information on the 
82355 BMIC is located in a separate data sheet. 
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Figure 1. Intel’s 386 CPU System with 82350 EISA Chip Set 
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NOTE: 

*Memory Controller can be implemented as: 
1) Discrete 

2) ASIC (Custom) 

3) ASIC (Standard) 


Figure 2. Intel’s i486™ CPU System with 82350 EISA Chip Set 
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MECHANICAL DATA Introduction 
The individual components of Intel’s EISA Chip Set 
PACKAGING INFORMATION come in JEDEC standard Gull Wing packages (25 
MIL pitch), with “bumpers” on the corners for ease 
(See Packaging Spec. Order # 231369) of handling. Please refer to the accompanying table 


for the package associated with each device, and to 
the individual component specifications for pinouts. 
(Note that the individual pinouts are numbered con- 
sistently with the numbering scheme depicted in the 
accompanying figures). 


TYPICAL LEAD 


Case Outline Drawings 
Plastic Fine Pitch Chip Carrier 
0.84 mm Pitch 


0.41 (0.016) | 
0.20 (0.008) 
| RA ihe, ea 
ea! 0.20 (0.008) 
ra 0.14 (0.005) 
8 DEG. 
0 DEG. 
0.31 (0.012 - ~ ———_] 
0.20 (0.008 rr x 
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TERMINAL DETAILS 
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BUMPER DETAIL 


1.52 (.892) 
1,22 (.848) 


1.32 ¢ 852) 


1.22 (.848) 
8.98 (.835) ae a 2.85 (.988) 


1.95 (.876) 
2.83 (.888) 
1.935 ¢.876) 
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Package Thermal Specification The PQFP case temperature should be measured at 
the center of the top surface opposite the pins, as 


The 82357 ISP and 82358 EBC are specified for op- shown in the figure below. 
eration when the case temperature is within the 

range of 0°C to 85°C. The case temperature may be 

measured in any environment, to determine whether 

the device is within the specified operating range. 


PLASTIC QUAD FLAT PACK (PQFP) 


MEASURE PQFP CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 
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Thermal Resistance— °C/Watt 
Air Flow Rate (ft/min) 


2 [so | 10 | 200 
[eanaionease [7 [7 ff 
[ecaseioAnbinn | 22 | 21 | wes | 75 


NOTES: 
1. Table 2 applies to the PQFP device plugged into a socket or soldered directly into the board. 
2. Ojn = 953 + OC. 


PROCESS NAME: 
1.24 CHMOS III P-well 


lcc AT HOT WITH NO RESISTIVE LOADS: 
150 mA Max at 85°C. 
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82351 LOCAL I/O EISA 
SUPPORT PERIPHERAL (LIO.E) 


@ EISA and PC/AT System Fully m@ Fast A20GATE, CPU RESET, and 
Compatible Local I/O Controller FLUSH# Generation by Snooping 
w Integrates: Keyboard Controller Commands 
— Local I/O Address Decoder = Four Programmable General Purpose 
— EISA System Configuration Registers Chip Selects for Additional Local I/O 
— Fast CPU Reset and A20 Gate Port Devices | 
(92h) : 
— Two External Serial |/O Controller . ee ADCIASS DEEACO AN? 
Interfaces with Four Assignable 
Interrupts Generation m@ Provides !/O Data Bus Buffer Control 
— External Real Time Clock Interface g EPROM or FLASH EPROM BIOS ROM 
— External EISA Configuration RAM interface (BIOS ROM Address is 
Interface Externally Decoded) 
— Parallel Port interface ote , 
— i486 and 386 CPU Compatible m Edge or Level Sensitive Triggered 
Numeric Co-Processor Interface Interrupt Generation Selection 
— External Floppy Disk Controller @ 132 Pin PQFP Package 
interface (See Packaging Specification Order Number 240800, | 
— External Keyboard (8x42) Controller Package Type KD) 
Interface including Interrupt 
Generation 


— EISA System ID Register 


Standard Configuration 


CPU/CACHE 


D 
PST 
HOST BUS 


MAIN 
MEMORY 


ADDRESS 


EISA BUS (System Bus) 


CHIP SELECTS AND 


CONTROL SIGNALS 


X=DATA BUS 


VGA, LAN, ROM SERIAL SERIAL PARALLEL 8x42 
HARD DISK, BIOS PORT A PORT B PORT ro) aed 82077 RTC 
FLOPPY, ETC. eyboar FDC 


| Controller 


290386-1 
Figure 1-1. System Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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82352DT 
EISA BUS BUFFER (EBB) 
* Designed Specifically for EISA Bus @ 120-Pin Quad Flat Pack (QFP) 
Requirements = Similar in Function to Discrete 
m@ Provides Three Modes of Operation implementation Using 74F543s/544, 
— Data Latch and Swap Functions 74180s, and 74ALS245s 
Allow Swapping and Assembly of a Re , 
places 19 Discrete Components 
Data between the Host and EISA/ISA — Three 82352DTs are Used Per 82350 
Buses on a Byte by Byte Basis 
(Mode 0) EISA System 
— Provides a Buffered Path with Parity m@ The 82352DT Interfaces Easily to the 
Generation/Check between the Host System 
Data Bus and DRAM (Mode 1) — Buffer Control for the 32-Bit Mode 
— Address Latch Functions Provide W/O Parity and the EISA Address 
Latching between the Host and Mode is Provided by the 82358 (EISA 
EISA/ISA Buses (LA and SA Bus Controller) 
Addresses) (Mode 3) Si soe Specification Order Number 240800, Package 
ype 


The 82352DT design allows it to replace the multiple address and data latch-buffer/driver ICs used in EISA 
applications. The EBB provides three modes of operation: a 32-bit mode without parity to replace the EISA 
data swap buffers, a 32-bit mode with parity to replace the EISA DRAM data parity buffers, and an EISA 
address mode to replace the host to EISA/ISA address buffers. Mode 2 on the EBB is reserved. The same 
chip is strapped in three different ways to obtain the three configurations. 


82352DT is manufactured and tested for Intel by LSI Logic in accordance with their internal standards. 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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82357 


PRELIMINARY 


INTEGRATED SYSTEM PERIPHERAL (ISP) 


Provides Enhanced DMA Functions 

— ISA/EISA DMA Compatible Cycles 

— All Transfers are Fly-By Transfers 

— 32-Bit Addressability 

— Seven Independently Programmable 
Channels 

— Provides Timing Control for 8-, 16-, 
and 32-Bit DMA Data Transfers 

— Provides Timing Control for 
Compatible, Type “A”, Type “B’’, and 
Type “C” (Burst) Cycle Types 

— 33 Mbytes/sec Maximum Data 
Transfer Rate 

— Provides Refresh Address 
Generation | 

— Supports Data Communication 
Devices and Other Devices That 
Work from a Ring Buffer in Memory 

— Incorporates the Functionality of 
Two 82C37A DMA Controllers 


Provides High Performance Arbitration 
— For CPU, EISA/ISA Bus Masters, 
DMA Channels, and Refresh 


m Incorporates the Functionality of Two 


82C59A Interrupt Controllers 

— 14 Independently Programmable 
Channels for Level-or-Edge 
Triggered Interrupts 


Five Programmable 16-Bit Counter/ 

Timers 

— Generates Refresh Request Signal 

— System Timer Interrupt 

— Speaker Tone Output 

— Fail-Safe Timer 

— Periodic CPU Speed Control 

— 82C54 Programmable Interval Timer 
Compatible 


Provides Logic for Generation/Control 

of Non-Maskable Interrupts 

— Parity Errors for System and 
Expansion Board Memory 

— 8 us and 32 us Bus Timeout 

— Immediate NMI Interrupt via 
Software Control 

— Fail-Safe Timer 

132-Pin PQFP Package 


(See Packaging Specifications: Order Number 240800, 
Package Type NG) 


82357 Internal Block Diagram 


IRQ <1,3=-7,8#,9=15> 15 LEVEL 


INT 
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Intel486 is a trademark of Intel Corporation. 
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The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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82358DT | 
EISA BUS CONTROLLER 

m Supports 82350 and 82350DT Chip Set m@ Supports 8-, 16-, or 32-bit DMA Cycles 
Based Systems — Type A, B, or C (Burst) Cycles 
— Mode Selectable for Either 82350 or — Compatible Cycles 

82350DT Based Systems = Supports Host and EISA/ISA Refresh 
— Mode Defaults to 82350 Based - Sues _ 
Syste 
Ty m Generates Control Signals for Address 

m Socket Compatible with the 82358 and Data Buffers | 
(EISA Bus Controller) — 82353 (ADP) and 82352 (EBB) 

Es Provides EISA/ISA Bus Cycle = Supports Byte Assembly/Disassembly 
Compatibility for 8-, 16-, or 32-Bit Transfers 
ate aiarinen PGE Gk ase m Selectable Host (CPU) Posted Memory 
— EISA/ISA Wait State Cycles Write Support to EISA/ISA Bus 
— ISA No Wait State Cycles m Cache Controller (82385, 82395) 

— EISA Burst Cycles interface to Maximize Performance for 


386 Based Systems 


T™ T™ | 
gle ne ttn dk m Supports I/O Recovery Mechanism 


Microprocessors 


m Translates Host (CPU) and 82359 = sari aaah Balas a one sy oram 
(DRAM Controller) Cycles to EISA/ISA 
Bus Cycles @ 132-Pin PQFP Package 


m Generates ISA Signals for EISA Masters ™ Low Power CHMOS Technology 
(See Packaging Specification Order #240800, Package Type 


m Generates EISA Signals for ISA Masters NG) 


The 82358DT EISA Bus Controller is part of Intel’s 82350 and 82350DT chip sets. There are five mode or 
function select pins which allow the 82358DT to be programmed for use in either 82350 or 82350DT based 
systems. The mode pins also provide support for posted memory write cycles to the EISA/ISA bus and 
Intel486™ burst support. The 82358DT defaults to 82350 mode and is 100% socket compatible with the 
82358 (EBC). : 


The 82358DT interfaces the 386 and Intel486 microprocessors to the Extended Industry Standard Architec- 
ture (EISA) bus. It is used to facilitate bus cycles between the Host (CPU) bus and the EISA/ISA bus. In an 
82350 system, the 82358DT interfaces to the cycle address and control signals of the Host bus. In an 
82350DT system, the 82358DT interfaces to the cycle address and control signals of the 82359 DRAM 
controller. The 82358DT generates the appropriate data conversion and alignment control signals to imple- 
ment an external byte assembly/disassembly mechanism for transferring data of different widths between the 
Host, EISA, and Industry Standard Architecture (ISA) buses. It also provides the cycle translation between the 
Host, EISA, and ISA buses. 


The 82358DT is tightly coupled with the 82357 DMA controller (ISP) to run 8-. 16-, or 32-Bit EISA/ISA DMA 
transfers. 


The 82358DT features hardware enforced |/O recovery logic to provide I/O recovery time between back- to- 
back |/O cycles. 


The 82358DT provides special cache hardware interface signals to implement a high performance 386 based 
system with an 82385 or 82395 cache controller. 


The 82358DT also provides resets to the Intel486, 80386, 82385, and other devices in the system to provide 
an integrated synchronous system reset. 


Intel486 is a trademark of Intel Corporation. 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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82355 
BUS MASTER INTERFACE CONTROLLER 
(BMIC) 

m Designed for use in 32-Bit EISA Bus m= Supports Automatic Handling of 
Master Expansion Board Designs Complete EISA Bus Master Protocol 
— Integrates Three Interfaces — EISA Arbitration/Preemption 

(EISA, Local CPU, and Transfer — Cycle Timing and Execution 
Buffer) — Byte Alignment 

m Supports 16- and 32-Bit Burst Transfers — 1K Boundary Detection 

— 33 Mbytes/Sec Maximum Data = Supports Local Data Transfer Protocol 
Transfers Similar to Traditional DMA 

= Supports 32-Bit Non-Burst and = Supports a General Purpose Command 
Mismatched Data Size Transfers and Status Interface 

= Supports 32-Bit EISA Addressability — Local and EISA System Interrupt 
(4 Gigabyte) Support 

— General Purpose Information 

= Two independent Data Transfer Transfers 
Channels with 24-Byte FIFOs — Set-and-Test-Functions in 1/O Space 
— Expansion Board Timing and EISA (Semaphore Function) 

Timing Operate Asynchronously — Supports the EISA Expansion Board 

m Supports Peek/Poke Operation with the ID Function 
Ability to Access Individual Locations m= Supports Decode of Slot Specific and 
in EISA Memory or I/O space General I/O Addresses 

= Automatically Handles Misaligned m 132-Pin JEDEC PQFP Package 
Doubleword Data Transfers with No (See Packaging Specification Order #240800, 
Performance Penalty Package Type NG) 


82355 Internal Block Diagram 
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INTERFACE 
AND 
ARBITRATION 


TRANSFER 
BUFFER 
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82355 Bus Master Interface Controller (BMIC) 
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1.0 INTRODUCTION 


The 82355 Bus Master Interface Controller (BMIC) is 
a highly integrated Bus Master designed for use in 
32-Bit EISA Bus Master expansion board designs 
and supports all of the enhancements defined in the 
EISA specifications required for EISA bus master ap- 
plications. The BMIC provides a simple, yet, power- 
ful and flexible interface between the functions on 


the expansion board and the EISA bus. With the. 


help of external buffer devices, the BMIC provides 
all EISA control, address, and data signals neces- 
sary to interface to the EISA bus. 


The primary function of the 82355 is to support 16- 
and 32-bit burst data transfers between functions on 
the EISA expansion board and the EISA bus. Data 
transfer rates of up to 33 Mbytes/sec are supported 
(the fastest transfer rate available on an EISA bus). 
The following logic on the BMIC supports efficient 
burst transfers: 


e Arbitration logic, for gaining control of the EISA 
bus 


e Two transfer-address and byte counters 


e Two data FIFOs, which allow expansion board 
and EISA bus timing to operate asynchronously 


e Data shifters, which align data to specific byte 
boundaries 


e A transfer buffer interface, for the data transfers 
on the expansion board 


¢ General-purpose command and status interface 
logic 


e Local processor interface, to allow programming 
by an on-board processor 


e EISA slave interface, to allow communication 
with the EISA system 
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The BMIC greatly simplifies the design of EISA ex- 
pansion boards. With the 82355, a board can be im- 
plemented with simple logic similar to that used in 
traditional ISA DMA designs. The EISA standard al- 
lows designs with 32-bit data and address buses, 
burst transfers, and automatic handling of the full 
EISA bus master protocol. 


To maximize system throughput, the 82355 BMIC 
incorporates three fully concurrent interfaces: EISA 
interface, Transfer Buffer interface, and Local Proc- 
essor interface. The EISA interface incorporates two 
24-byte FIFOs, and implements the full EISA proto- 
col. The Transfer Buffer interface is optimized for 
high speed static RAM buffers, and can operate at a 
maximum frequency of 20 MHz. The Local Proces- 
sor interface supports a generic slave interface, and 
allows the local processor to fully program the BMIC 
for operation. Local processors are supported with 
the ability to access individual locations in system 
memory or I/O space; this peek-and-poke feature 
allows the expansion board to communicate easily 
with other devices in the system. All three interfaces 
can operate simultaneously, thus mening overall 
system performance. 


Address-generation support for the data transfer 
buffer logic on the expansion board is provided on- 
chip. The transfer logic on the expansion board can 
use a high-speed asynchronous transfer clock. The 
BMIC handles all synchronization with the EISA bus. 
A FIFO within the BMIC eliminates performance 
degradation on burst transfers caused by synchroni- 
zation delays. The BMIC also provides a set of pro- 
grammable address comparators that drive external 
chip selects on the expansion board to assist local 
devices in decoding I/O address ranges. 
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1.1 BMIC Terminology/Definitions 


EISA BUS MASTER—A 32- or 16-bit device that 
uses the extended part of the EISA bus to generate 
memory or |/O cycles. 


Downshifting Bus Master—A ‘‘downshifting” mas- 
ter is a 32-bit master which can convert to a 16-bit 
master “on the fly’. The BMIC will only downshift 
from a 32-bit master to a 16-bit master if pro- 
grammed for burst mode (refer to Section 4.2.1). 


EISA READ—A data transfer (burst, non-burst (two 
BCLK), or mismatched) from system to the expan- 
sion board across transfer channel 1. 


EISA WRITE—A data transfer (burst, non-burst (two 
BCLK), or mismatched) from the expansion board to 
system memory across one of the two transfer chan- 
nels. 


I/O ADDRESS DECODE SUPPORT—Refers to slot 
specific or general |/O address decoding. 


Slot Specific Address Decoding—Refers to the 
decoding of unique addresses allocated to EISA slot 
specific expansion boards. These addresses are: 
XO000h-XOFFh, X400h-—X4FFh, X800h-—X8FFh, and 
XCOOh-XCFFh, where X represents the EISA slot 
number. EISA slot number “0” is reserved for the 
EISA system board. 


General I/O Address Decoding—Refers to the de- 
coding of addresses allocated to ISA expansion 
boards. These addresses are: 0100h-O3FFh. 


LOCAL PROCESSOR—A processor located on the 
expansion board. 


SYSTEM CPU—Processor located on the mother- 
board. 


SYSTEM MEMORY—Memory located on the EISA 
bus or motherboard. | 


TRANSFER INTERRUPTION—A transfer interrup- 
tion is defined as an occurrence resulting in a break 
in a transfer caused by one of the following condi- 
tions: A FIFO pause, a FIFO stall, a channel preemp- 
tion, a channel clear or suspension, a 1K page 
break, or a transfer complete (EOP). 
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FIFO Pause—This is a condition where the EISA 
bus does not provide or take data at a rate fast 
enough to keep up with the expansion board trans- 
fer buffer logic. During an EISA read, this condition is 
defined as an empty FIFO. During an EISA write, this 
condition is defined as a full FIFO. A FIFO pause is 
considered a preferred condition and under normal 
operations should occur frequently. A FIFO pause 
will result in the BMIC negating TRQ# until the FIFO 
becomes not full during an EISA write or not empty 
during an EISA read. 


FIFO Stalli—This is a condition where the transfer 
buffer logic on the expansion board does not pro- 
vide or take data at a rate fast enough to keep up 
with the EISA bus. During an EISA read, this condi- 
tion is defined as a full FIFO. During an EISA write, 
this condition is defined as an empty FIFO. Under 
normal operations, a FIFO stall is expected to be a 
rare and exceptional event. For additional informa- 
tion regarding a FIFO stall, refer to Section 6.2. 


Channel Clear—A channel clear results in the im- 
mediate termination of the current transfer and the 
flushing of the channel's corresponding FIFO. A 
channel clear is initiated by setting the CFGCL bit in 
the corresponding channel’s Configuration register 
to a 1. For additional information regarding channel 
clear, refer to Section 8.2.4.2. 


Channel Suspension—This temporarily prevents a 
channel from proceeding with a transfer. A transfer 
can be temporarily suspended by setting the CFGSU 
bit in the corresponding channel’s Configuration reg- 
ister to a 1. 


Channel Preemption—The BMIC can be preempt- 
ed from the EISA bus by the 82357 (ISP). The 82357 


- negates MAK # indicating to the BMIC that it must 


finish the current bus cycle and relinquish control of 
the EISA bus by negating MREQ# within 64 BCLK 
periods. The BMIC is programmable to relinquish the 


bus within 0, 32, or 64 BCLKs from the negation of 


MAK # (refer to Section 4.4.2). 


1K Page Break—The temporary termination of a 
burst, non-burst (two BCLK), or mismatched data 
transfer due to a 1K page address boundary cross- 
ing (refer to Section 4.2.2). 


Transfer Complete (EOP)—End of process due to 
the transfer byte count being exhausted or a chan- 
nel being cleared (channel clear). A transfer com- 
plete (EOP) will result in the BMIC asserting TEOP # 
with the last cycle (refer to Section 5.4). 
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TRANSFER BUFFER LOGIC—Logic located on the 
expansion board used to support the transfer and 
storage of data during BMIC EISA master mode 
transfers between the expansion board and system 
memory. 


2.0 BMIC INTERFACE ILLUSTRATION 
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The transfer buffer logic interfaces to the Transfer 


Buffer Interface of the BMIC. Refer to Section 5.2 for 
additional information regarding transfer buffer logic. 
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Figure 2-1. BMIC System Interface 
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3.0 FUNCTIONAL OVERVIEW 


The following is a brief discussion of the functional 
blocks and features of the 82355. The EISA inter- 
face, Transfer Buffer interface, FIFO/Data Aligner, 
and Local interface each have a corresponding de- 
tailed section later in this data sheet. 


3.1 EISA Master and EISA Slave 
Operations 


In EISA slave mode, the 82355 monitors the EISA 
address lines <11:2> for general |/O address de- 
coding, slot-specific address decoding, and Shared 
register accessing. During slave mode operations, 
all internal registers are accessible through the Lo- 
cal Processor interface, and all Shared registers are 
accessible through either the Local Processor inter- 
face or the EISA interface of the BMIC. 


In EISA master mode, the 82355 becomes the mas- 
ter of the EISA bus. It may perform burst, non-burst 
(two BCLK), mismatched, or Peek/Poke data trans- 
fers at this time. During master mode operations, all 
internal registers are accessible through the Local 
Processor interface of the BMIC. 


The arbiter portion of the BMIC determines which 
mode the device is in, performs the EISA arbitration, 
and provides the control signals necessary to regu- 
late the slave and master activities internal to the 
chip. In slave mode, the arbiter also mediates be- 
tween the EISA side and the !ocal side during 
Shared register accesses. 


The following is a table of the functions that can be 
performed during master and slave operations: 


LocalCPU EISAI/O . 
Shared Reg. Only Reg. Address Data 
Accessing Accessing Decoding Transfers 


EISA YES (1, 2) YES YES NO 
Slave Mode 

EISA’ YES (2) YES NO YES 
Master Mode 

NOTE: : 


Shared Reg. Accessing refers to the registers that are ac- 
cessible through either the EISA interface or Local Proces- 
sor interface. 

Local Processor Only Reg. Accessing refers to the reg- 
isters that are accessible through the Local Processor in- 
terface only. 

EISA I/O Address Decoding refers to either general or 
slot specific |/O decoding support for the expansion board. 
Data Transfers refer to either burst, non-burst (two BCLKk), 
mismatched, or peek/poke data transfers. 


YES = Can Be Performed 
NO = Can Not Be Performed 
1 = EISA interface 

2 = Local interface 
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3.2 82355 Internal Architecture 
Description 


The 82355 contains four blocks of control logic. The 
EISA interface block, Transfer Buffer interface 
block, FIFO/Data Aligner block, and the Local Proc- 
essor interface block. 


3.2.1 EISA INTERFACE BLOCK 


The EISA interface block provides the following 
functions: 


— generates the 32-bit EISA address for burst, non- 
burst (two BCLK), and peek/poke data transfers 


— generates the EISA control signals necessary to 
implement an EISA 16-bit or 32-bit bus master, 
and a 32-bit EISA slave 


— generates the control signals necessary to en- 
able and disable the external buffer devices 


— performs the EISA arbitration and provides the 
internal control signals required to regulate the 
slave and master activities of the BMIC 


— integrates the registers necessary for the above 
operations as well as the registers required to 
provide the configuration and status of the data 
transfers between the EISA bus and the memory 
buffer on the expansion board 


The EISA memory address range of the 82355 cov- 
ers the 4 Gigabytes and supports the detection of 
1K page address boundaries during burst, non-burst 
(two BCLK), and mismatched data cycles to and 
from system memory. 


During slave mode, the EISA interface also supports 


slot specific and general |/O address decode neces- 
sary for Shared Register accesses and general de- 
code as required by the expansion board. The 
shared register addresses are mapped into the slot 
specific |1/O range (C80h-C9Fh). 


The EISA interface block contains 43 registers nec- 
essary to execute the above functions. A detailed 
description of the registers and their functions can 
be found under Register Description (Sections 8.1 
and 8.2). 


3.2.2 TRANSFER BUFFER INTERFACE BLOCK 


The Transfer Buffer interface block provides the 
group of signals that are required to perform 16-bit 
data transfers to and from the memory buffer on the 
expansion board. The protocol used is similar to that 
found in standard DMA designs. The interface in- 
cludes a 16-bit data bus (TDAT), seven control sig- 
nals and a transfer clock (TCLK). The transfer clock 
can run completely asynchronous to the EISA BCLK 
signal. 
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The Transfer Buffer interface block also provides a 
16-bit transfer start address which is generated at 
the beginning of all new data transfers to and from 
the memory buffer on the expansion board. The 16 
TDAT data lines are used to transfer the address. 


The Transfer Buffer interface block contains eight 
registers. A detailed description of the registers and 
_ their functions can be found under Register Descrip- 
tion (Section 8.2). 


3.2.3 FIFO/DATA ALIGNER BLOCK 


The FIFO/Data Aligner block is used to isolate and 
simplify the timing relationships between the EISA 
bus and the bus master expansion board. This al- 
lows the transfer buffer logic and EISA bus timing to 
operate asynchronously. The FIFO provides the 
data channel between the EISA bus and the expan- 
sion board during BMIC master data transfers and 
the Data Aligner provides the byte alignment and 
assembly necessary for the EISA bus. 


There are two dual-port, six doubleword wide (24 
byte) FIFOs on-board, one per transfer channel. The 
data is written into the FIFO from either the EISA 
bus side or the expansion board side, depending on 
the direction of the transfer. The transfer direction is 
controlled by a bit in the Transfer Base Count regis- 
ter set. 


3.2.4 LOCAL PROCESSOR INTERFACE BLOCK 


The Local Processor interface block provides the in- 
terface between the BMIC and the local processor. 
If a local processor is not present, the processor 
interface can be connected to the ISA bus. The Lo- 
cal Processor interface block is based on an 8086 
style slave mode and provides an 8-bit data path for 
BMIC programming. All of the BMICs internal regis- 
ters are accessible through this interface. 


The Local Processor interface block contains a 
group of Shared registers used to support general- 
purpose command and status interactions between 
the system CPU or EISA bus master and the local 
processor. In addition to the command/status regis- 
ters, the CPU interface includes a set of ID registers 
for EISA expansion board ID support, and a set of 
Peek/Poke data registers used to hold the data dur- 
ing peek/poke operations. 


The local interface portion of the BMIC also contains 
three 8-bit registers which are used by the local 
processor to access all of the BMICs internal regis- 
ters. These registers are mapped into the local proc- 
essor interface and include a local status register, 
local data register, and a local index register (refer to 
Section 3.2.6.1). 
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The Local Processor block contains 31 registers. A 
detailed description of the registers and their func- 
tions can be found under Register Description (Sec- 
tions 8.1 and 8.2). 


3.2.5 DATA TRANSFER TYPES 


The BMIC supports four types of data transfers on 
the EISA bus: Burst, non-burst (two BCLK), peek/ 
poke or locked exchange, and mismatched. For all 
of the above transfer types, the addressed slave de- 
vice can negate EXRDY if wait state timing is re- 
quired (each wait state is one BCLK). 


The primary function of the BMIC is to support 16- 
and 32-bit burst data transfers between functions on 
the expansion board and the EISA memory. If the 
addressed memory is not capable of supporting 
burst transfers, the BMIC will run either 32-bit non- 
burst (two BCLK) cycles or, with the support of the 
82358 EISA Bus Controller, run mismatched data 
cycles. 


The burst cycle type provides a continuous se- 
quence of one BCLK read or write cycles to and 
from 16- or 32-bit EISA memory. Burst cycles can 
not be used with I/O devices or ISA devices (slaves 
or masters). 


The non-burst cycle type provides a continuous se- 
quence of two BCLK read or write transfers to and 
from 32-bit EISA memory. The BMIC will only re- 
spond as a 32-bit master when configured for two 
BCLK transfers (refer to Section 4.2.1). 


The peek/poke and locked exchange feature allows 
local processor accesses to and from individual |/O 
space or system memory locations on the EISA bus. 
The BMIC responds as a 32-bit master and gener- 
ates two BCLK cycles when configured for peek/ 
poke transfers (refer to Section 4.3). A locked ex- 
change transfer consists of six BCLKs (peek fol- 
lowed by a poke). A peek/poke data transfer has the 
same timings as a non-burst (two BCLk) data trans- 
fer. 


The mismatched cycle type provides a means of 
communicating with 8- or 16-bit EISA or ISA devices. 
In the event the I/O or memory slave device that 
has been addressed requires a data size translation, 
the BMIC will back-off the bus and allow the 82358 
EISA Bus Controller to perform the necessary data 
size translations (refer to Section 4.2.1). The BMIC 
will generate mismatched cycles as required for all 
data transfers (burst, non-burst, peek, poke, or 
locked-exchange). 


The following table identifies the BMIC cycle types, 
master sizes, slave types accessible (memory-|/O), 
and BCLKs per cycle. 


” 


Transfer 
Type 


BMIC lave Type |BCLKs 
Master Size | Accessible 


16-Bit|32-Bit|I/O| Memory 
Burst X X X 
Mismatched X X 
Non-Burst X X 
Mismatched X X 
Peek/Poke X X X 
Mismatched X X X 
Locked Exchange X X X 
Mismatched X X X 


*Depends on slave type/size (EISA/ISA, |/O/Memory, 
8-bit/ 16-bit) 


For all of the above transfer types, the addressed 
slave device can negate EXRDY if wait-state timing 
is required (each wait-state is one BCLk). 


3.2.6 REGISTER ACCESSING 


The BMIC provides three distinct groups of registers; 
the Shared register set, the Local Processor Only 
register set, and the Index register set. The Shared 
register set is used by the system CPU or EISA bus 
master and the local processor for general-purpose 
command and status interactions and expansion 
board ID support. The Local Processor only regis- 
ters are used by the local processor to program the 
BMIC and provide status for data transfers across 
the EISA bus and Transfer Buffer interface. The Lo- 
cal Processor Only register set also provides ad- 
dress range decode support for slot specific and 
general I/O address ranges of interest to the expan- 
sion board. The Index register set is used by the 
local processor as a means of accessing all of the 
above registers through an indexing scheme. 


The Shared register set is accessible through either 
the EISA interface or the Local Processor interface, 
the remaining two register sets are accessible 
through the Local Processor interface only. In the 
case of contention between the EISA bus and the 
local processor accessing a Shared register simulta- 
neously, the local processor on the expansion board 
will have initial priority. Consecutive multiple access- 
es to the BMIC’s shared registers result in a rotation- 
al arbitration between the EISA bus and the local 
processor. 


3.2.6.1 Register Accessing through the Local 
Processor Interface 


Register accessing on the local side of the BMIC is 
accomplished using an indexing procedure. The lo- 
cal interface portion of the BMIC contains two 8-bit 
registers which are used by the local processor to 
access all of the BMIC’s internal registers. These 
registers are mapped into the Local Processor inter- 


82355 


face and include a local data register and a local 
index register. The registers are selected using the 
two local address lines (LADS <1:0>). The BMIC’s 
internal register set is read by writing the address of 
the register to be accessed into the local index reg- 
ister. The register contents are then read through 
the Local Data register. To write to one of the 
BMIC’s internal registers, the local processor must 
first write the address of the register to be accessed 
into the local index register, same as a read, then 
write the new data value to the Local Data register. 


An optional auto-increment mode is supported by 
the BMIC, which automatically increments the index 
register after each register read or write. This allows 
for efficient programming of the register set by using 
byte string moves. If the Local Index register is given 
a local index address with bit (7) set high, the local 
index address will automatically increment each time 
the Local Data register is read or written. 


The Local Status/Control register is directly mapped 
into the Local Processor interface and is also acces- 
sible using the two address lines (LADS<1:0>). 


3.2.6.2 Register Accessing through the EISA 
Interface 


The shared registers are mapped directly into the 
EISA slot-specific |1/O space XC80-XC9F. The EISA 
address lines <11:2> and the byte enables <3:0> 
are used for decode during shared register access- 
es. 


A standard slave read or write access to the BMIC 
consists of two BCLKs + one wait-state (one wait- 
state = one BCLK period). During a slave cycle 
where the EISA access loses the internal register 
access through arbitration to the local processor, 
the cycle will consist of two BCLKs + two wait- 
states. The BMIC will negate EXRDY for one BCLK 
for each wait-state required. 


3.2.7 INTERRUPTS 


The BMIC provides two interrupt request lines, one 
for the EISA side (EINT), and one for the local side 
(LINT). The EISA interrupt (EINT) can be pro- 
grammed for either edge or level-triggered opera- 
tions. During edge-triggered operations the EINT 
signal will transition from a low level to a high level. 
In level-triggered mode, the EISA interrupt signal is 
an active low open collector output. The local inter- 
rupt signal (LINT) can be programmed for either ac- 
tive low or active high level operations and will de- 
fault to active low operation upon reset. The LINT 
signal is not an open collector output during active 
low operations and will require external logic if inter- 
rupts need to be tied together on the local side. The 
EINT and LINT modes of operation are programmed 
through the Global Configuration register. 
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3.2.7.1 Interrupt Sources 


Several events can trigger each of the two interrupt 
request signals, and the events can be enabled or 
disabled on an individual or global basis (refer to 
Sections 8.1.1.3 and 8.2.2). The system CPU or 
EISA bus master can only be interrupted by an I/O 
write from the local processor to the BMIC EISA 
System Doorbell register. However, the local proc- 
essor can be interrupted by several sources which 
are listed below: 


— An I/O write from the system CPU or EISA bus 
master to the BMIC Local Doorbell register. 


— The completion of a data transfer on one of the 
transfer channels. 


3.2.7.2 Interrupt Handling 


To prevent the BMIC from allowing undetected inter- 
rupts from occurring, when servicing an interrupt ini- 
tiated by the BMIC, all additional interrupts must be 
disabled prior to reading the Local or EISA System 
Doorbell Status registers. The interrupts are dis- 
abled by writing to the Local or EISA System Door- 
bell Enable registers, depending on the source of 
the interrupt. | 


This is required due to the nature of the interrupt 
mechanism of the BMIC. All interrupt sources have 
an edge triggered nature internal to the BMIC, with 
each event being ‘OR’ed together. Additional inter- 
rupt sources occurring after the first interrupt will set 
their appropriate bit in the Status register, but they 
will not generate an external interrupt until the initial 
event has been cleared. Thus if the Status register 
was read first, and another interrupt occurred after 
this read, the second interrupt would remain unde- 
tected in the status register until another event oc- 
curred. Disabling of the interrupts prior to reading 
the status register will prevent this from occurring. 


4.0 EISA INTERFACE 


4.1 EISA Interface Signals 


The BMIC provides a complete interface to the EISA 
bus and supplies all of the control signals, data lines, 
and address lines necessary to implement a 16- or 
32-bit EISA bus master and a 32-bit EISA slave. This 
includes a 32-bit data path, a 32-bit address path, 
and 20 EISA control signals. The BMIC also pro- 
vides five control signals used to enable and disable 
the external data buffers and address latches, as 
shown in Figure 2-1. 
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The BMIC uses four 74F245 external bidirectional 
buffers to drive and receive the 32 EISA data and 
three 74F573 external latches to latch and drive the 
upper 22 EISA address lines. The external data buff- 
ers and address latches should be comprised of ‘‘F”’ 


or “AS” type logic to meet EISA speed require- 
ments. 


The upper 22 EISA addresses are multiplexed 
through the 22 upper EISA data lines of the BMIC. 
They are latched externally by the 74F573’s. EISA 
address lines <11:2> and byte enable lines <3:0> 
are tied directly to the EISA bus. Address lines 10 
and 11 are input directly to the BMIC for slave mode 
address decode. During EISA master operation, 
lines 10 and 11 are driven indirectly through the ex- 
ternal latches. 


As a slave, the BMIC receives address lines 
IADS<11:2> and byte enable lines IBE<3:0> # for 
1/O address decode. Address lines <11:2> are 
used for slot specific decode and address lines 
<9:2> are used for general |/O address decode. 
Address lines <11:2> along with IBE<3:0> # are 
used by the BMIC during Shared register accesses. 
Address lines <31:12> are not used by the BMIC in 
slave mode. 


The following address lines are used during |/O de- 
coding as shown: 

Slot specific I|/O address decoding (expansion 
board)—IADS <11:2> 

Slot specific |1/O address decoding (shared regis- 
ters)—IADS <11:2>/IBE<3:0> # 

General |/O address decoding (expansion board)— 
IADS <9:2> 


All of the BMIC EISA control signals function as de- 
fined in the EISA bus specification. The signals are 
used to support the following cycles: 


BMIC as a Master 
(Cycle Type Performed) 


Maste Peek/Poke/Lockec 
Type Exchange 
32-Bit| X Xx xX x 

16-Bit} xX 

BMIC as a Slave 


1. Responds to EISA shared register accesses as 
32-bit slave. 


2. Responds to slot specific and general I/O ac- 
cesses (refer to Section 4.8). 
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4.2 Transfer Channels 


The BMIC contains two identical independent trans- 
fer channels which are configurable to run either 
burst or non-burst (two BCLK) cycles to and from 
system memory. The BMIC will automatically run 
non-burst (two BCLK) or mismatched cycles if the 
memory the BMIC has addressed cannot run burst 
cycles. Mismatched cycles will be run if data size 
translation is required. 


Channel 0 must be used for EISA READ operation 
only. Channel 1 can be used for both EISA READ 
and EISA WRITE operations. 


Each channel has three sets of registers to regulate 
_ data transfers. These are the Base register group, 
the Current register group, and the Data Status/ 
Control register group. This implementation of a tri- 
ple register set allows a processor to begin program- 
ming the next transfer on the channel while the cur- 
rent transfer is being executed. 


The Base register set contains seven 8-bit registers. 
These registers are programmed by the local proc- 
essor when a transfer is required across one of the 
channels. Four Transfer Channel Base Address reg- 
isters are combined to form the starting 32-bit EISA 
address to be used during the transfer. The remain- 
ing three registers are the Transfer Channel Base 
Count Registers. The Base Count registers are com- 
bined to determine the number of transfers (in bytes) 
to be performed. The number of bytes which can be 
transferred ranges from 1 byte to 4 Mbytes. The 
most significant bit of the Transfer Channel Base 
Count register group is used to control the start of 
the transfer and the second most significant bit is 
used to control the direction of the transfer (refer to 
Section 8.2.3.3). 


The Current register set contains seven registers 
each of which corresponds to a Base register. 
These registers are loaded from the Base registers. 
The Transfer Channel Current Address registers 
contain the 32-bit real-time EISA memory address. 
The Transfer Channel Current Count registers con- 
tain the number of bytes remaining to be transferred 


on the channel. The current register set is readable . 


by the local processor. However, there are possible 
coherency problems involved with reading multiple 
bytes while the current registers are being updated 
during a transfer. To avoid these problems, a chan- 
nel’s transfer should be temporarily suspended (us- 
ing the channel’s Configuration Register) before try- 
ing to read the channel’s current register set. 


The Status/Control register set contains three regis- 
ters: the Transfer Channel Strobe register, Transfer 
Channel Configuration register, and the Transfer 
Channel Status register. The Transfer Channel 
Strobe register is used to initiate the transfer of data 
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from the Base register set to the associated Current 
register set. A transfer request for that channel will 
be generated following the Current register load. 
The Transfer Channel Configuration register is used 
to program the mode of the transfer. The Transfer 
Channel Status register provides current FIFO and 
transfer channel status. 


To initialize a transfer over either of the two transfer 
channels, the following steps must be completed: 


1. Verify that the Base registers for the desired 
transfer channel are available. 


The Transfer Channel Base Address and Base 
Count registers must be available before they 
can be programmed. This is determined by the 
status of bits 0 and 1 in the Local Status/Control 
register. A ‘‘1” in either of the two bits indicates 
that the corresponding channel is currently run- 
ning a transfer and the Base registers are busy. A 
“0” indicates that the Base registers are free and 
available for programming. In the event that the 
Base registers are not available, the local proces- 
sor must wait until the data transfer executing on 
the requested channel has completed, at which 
time bits “O” or ‘*1”’ (depending on which channel 
was programmed) in the Local Status/Control 
registers will be reset to 0. Programming the 
Base registers during a Base register Busy state, 
is illegal and will corrupt the Base register data of 
the pending transfer. Programming the Transfer 
Configuration register during a cycle in progress 
may cause the termination of the transfer, de- 
pending on which bit in the register was changed. 


2. Program the transfer channel’s associated 
Transfer Base register set with the desired trans- 
fer information (Base registers must be avail- 
able). 


3. Initiate the Base register to Current register load 
and schedule a transfer request by writing to the 
channel’s Transfer Strobe register. 


lf a transfer is in progress on the requested chan- 
nel and a write to the associated channel’s 
Strobe register is done, the Base to Current reg- 
ister load will take place immediately after the 
data transfer on the requested channel has com- 
pleted. 


4.2.1 BURST AND NON-BURST MODES OF 
OPERATION 


~The BMIC can be programmed for burst or non-burst 


(two BCLK) data transfers to and from EISA memo- 
ry. This is determined by a write to the Channel Con- 
figuration Register. 


if burst mode is enabled, the BMIC will look for the 


SLBURST # signal at the beginning of the transfer to 
determine if the slave device that was addressed is 
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capable of running burst cycles. If the slave device 
does not respond with an active SLBURST # signal, 
the BMIC will not activate the MSBURST# signal 
and will proceed with either non-burst (two BCLK) 
bus cycles or mismatched cycles. 


In burst mode, the BMIC can respond as a 16- or 32- 
bit master. The BMIC informs the system of this ca- 
pability by driving MASTER16# low from the same 
BCLK rising edge that START # is asserted. MAS- 
TER16# will remain low for one BCLK. The BMIC 
will automatically “downshift” from a 32- to a 16-bit 
master if the EX32# signal is sampled inactive and 
the SLBURST# signal is sampled active at the be- 
ginning of a transfer. If EX32# and SLBURST# are 
sampled active at the beginning of the transfer, the 
BMIC will proceed with a 32-bit burst transfer. 


In non-burst mode, the BMIC will respond as a 32- 
bit master. The BMIC will look for the EX32# signal 
at the beginning of the transfer to determine if the 
system memory it has addressed has the same bus 
width. If the EX32# signal is not returned (mis- 
matched cycle indicated), the BMIC will “back-off’ 
the bus by floating START#, IBE#<3:0>, and 
IDAT<31:0> to allow the 82358 EISA Bus Control- 
ler to take control of the transfer. The EISA Bus 
Controller will then proceed to assemble or disas- 
semble the data as needed. The EISA Bus Control- 
ler will return the EX32# signal after the mis- 
matched cycle is complete, indicating to the BMIC 
that a new address can be placed on the bus. If the 
EX32# signal is sampled active at the beginning of 
the transfer, the BMIC will proceed with a 32-bit non- 
burst (two BCLK) transfer. 


4.2.2 1K PAGE ADDRESS BOUNDARY 
DETECTION 


During burst, non-burst (two BCLK), and mis- 
matched data cycles, the BMIC provides the support 
to detect 1K page address boundary crossings. If 
the BMIC detects that the current cycle is about to 
cross a 1K page boundary, the transfer will be tem- 
porarily terminated on the next cycle. The BMIC will 
then arbitrate between restarting the transfer on the 
current channel, selecting the second channel, do- 
ing a peek/poke cycle, or preempting the channel 
(refer to Section 4.4 for information regarding BMIC 
arbitration). 


Example: Transfer = 32-bit transfer and page ad- 
dress boundary is at location 400h = 1024 


1. The BMIC detects that the current cycle is about 
to cross a 1K page address boundary—current 
address (3FCh = 1020). 


2. Address after BMIC has executed the current cy- 
cle (400h = 1024). 
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3. Transfer is temporarily terminated (interrupted). 


4. BMIC will now arbitrate between restarting the 
transfer on a new page, selecting the second 
channel, doing a peek/poke cycle, or preempting 
the channel. 


4.3 Peek/Poke, Locked Exchange 
Transfers 


To allow the local processor to communicate with 
other devices in the main system, the BMIC allows 
the local processor to execute individual I/O or 
memory cycles over the EISA bus. These cycles can 
be thought of as being similar to “peek” and “poke” 
statements in the Basic programming language. 
These cycles may be reads, writes, or locked ex- 
changes in 8-, 16-, 24-, or 32-bit values. All cycles 
must be contained within a single doubleword. 


The Peek/Poke operation requires the following set 
of registers: Four 8-bit Peek/Poke Address registers 
which are combined to provide the 32-bit Peek/Poke 
address; One 8-bit Peek/Poke Control register 
which contains the bits defining whether the cycle is 
1/O or memory, peek (read)/poke (write) or locked 
exchange, and which byte enables are to be active 
during the cycle; and four 8-bit Peek/Poke Data reg- 
isters which are used to hold the data for the Peek/ 
Poke cycle. During all peek/poke or locked ex- 
change cycles, byte enables IBE<3:0># are de- 
rived from bits 0-3 in the Peek/Poke Control regis- 
ter set. The lower two bits of the Peek/Poke Ad- 
dress register are ignored. Peek, poke, or locked ex- 
change cycles will not be generated for illegal com- 
binations of byte enables (i.e., 1111, 1010, 0110, 
0101, 0100, 0010). 


To do an individual write cycle (poke), the local proc- 
essor must first write to the Peek/Poke Address reg- 
ister set to specify the 32-bit memory address or the 
16-bit |/O address. It must then write the data to be 
transferred into the Peek/Poke Data register set. 
The data must be placed in the appropriate byte po- 
sitions in the Data register set so that it goes out on 
the correct byte lanes during a 32-bit bus master 
transfer. 


Once the appropriate data and address have been 
programmed, the local processor must write to the 
Peek/Poke Control register to specify the cycle type 
and initiate the cycle. After this write to the Peek/ 
Poke Control register, bit 2 in the Local Status/Con- 
trol register will be set to a 1 by the BMIC to indicate 
that a peek/poke request is pending and that the 
peek/poke registers are busy. When the poke cycle 
has finished executing on the EISA bus, the Peek/ 
Poke status bit 2 in the Local Status/Control register 
will return to normal (0). 
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To do an individual read cycle (peek), the local proc- 
essor must write to the Peek/Poke Address regis- 
ters, then to the Peek/Poke control register to initi- 
ate the read cycle. The Peek/Poke status bit 2 in the 
Local Status/Control register will be set high by the 
‘BMIC and remain active until the peek cycle finishes 


on the EISA bus. The local processor can then read 
the data from the Peek/Poke data registers. 


NOTE: 

When running consecutive peek transfers, the data 
must be read from the Peek/Poke data registers 
before each new peek transfer is generated. The 
BMIC will read the data off the EISA bus from all 
four byte lanes regardless of which Byte enables 
(IBE<3:0>#) are active. (Although all bytes are 
read, the value of the byte enables are important to 
the system and must be programmed for the peek 
transfer). 


When a locked exchange cycle is requested by the 
local processor, a peek cycle is scheduled first and 
then immediately followed by a poke cycle. The 
LOCK # signal is active during the locked exchange 
cycle to indicate to the system that no other accesses 
to the addressed location can be made. 


Whenever the BMIC is commanded to do an EISA 
POKE cycle, the BMIC will assert the MREQ# signal 
low normally, transfer up to four bytes of data, and 
release the bus by de-asserting MREQ# high. A po- 
tential problem exists, however, when the slave de- 
vice extends the cycle by de-asserting EXRDY low. 
lf the slave holds this signal low past the time that 
the BMIC is forced to release MREQ# high (it has 
been preempted while waiting for the slave to assert 
EXRDY high), then the BMIC will drive MREQ# 
back low again immediately after this cycle ends if 
there is another transfer pending (TBI, PEEK, POKE 
or LOCKED-EXCHANGE). Note that according to 
the EISA spec, MREQ* signal description ‘‘A bus 
master must wait at least two BCLKs after releasing 
the bus before reasserting its MREQx*”. To adhere 
to EISA specifications, it is required that LOCKED- 
EXCHANGE cycles be used in lieu of POKE cycles. 


Any consecutive Peek/Poke or Locked exchange 
transfers must be initiated only after the previous 
Peek/Poke or Locked exchange has been complet- 
ed. This can be accomplished by making sure that 
bit 2 of the local status/control register is set to a 
zero before initiating the transfer. 


4.4 Arbitration 


4.4.1 EISA/BMIC ARBITRATION 


The BMIC will begin master mode operation any 
time a transfer request is pending. If more than one 
transfer request is pending, the BMIC will service 
them in the following order. Peek/Poke cycles have 
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the highest priority access to the EISA bus followed 
by the two data channels. Once the BMIC has 
gained control of the EISA bus, the BMIC will first 
perform any peek, poke, or locked exchange trans- 
fers that may be pending. If there are no peek, poke, 
or locked exchange transfers pending, the BMIC will 
run data transfers initiated by either of the two trans- 
fer channels. The two transfer channels have equal 
priority with respect to each other and are serviced 
in an alternating fashion. The priorities and assign- 
ments are as follows: 


Peek /Poke 
or Priority (1) 
Locked Exchange 


Channel 0 
Channel 1 
(2 way Rotation) 


Priority (2) 
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The BMIC will maintain ownership of the EISA bus 
until it has serviced all outstanding data transfer re- 
quests or it is preempted from the bus by the remov- 
al of the MAK# signal. The BMIC can be configured 
to relinquish the EISA bus immediately, 4 ys, or 8 ws 
after a preempt is received. If the BMIC has com- 
pleted all outstanding data transfer requests prior to 
the time-out of the preempt timer, it will give up the 
bus. If the BMIC finishes one task prior to the time- 
out of the preempt timer, it will start on the next 
pending transfer request unless the request is a 
peek, poke, or locked exchange cycle. The BMIC 
will not start a set of peek, poke, or locked exchange 
cycles after the MAK# signal has been removed. If 
a transfer is cut-off due to a preempt timer time-out, 
the BMIC, upon regaining access to the EISA bus 
and following its internal arbitration priority scheme, 
will continue the transfer that was preempted at the 
point the transfer was cut-off. 


When a channel is interrupted for any reason, 1K 
page break, FIFO stall, channel clear, channel sus- 
pend, or transfer complete, the BMIC may immedi- 
ately relinquish the EISA bus depending on the state 
of the CFGFF bit in the Channel Configuration regis- 
ter set. 


NOTE: 
During a FIFO pause, the CFGFF bit in the associ- 
ated Channel's Configuration register is ignored. 
The function of the CFGFF bit, as related to the 
above channel interruptions, is as follows: 


If the CFGFF bit = 1, the BMIC will immediately 
relinquish control of the EISA bus upon the detec- 
tion of any of the above interruptions. This will occur 
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regardless if there are additional data transfer re- 
quests pending. If there are additional data transfer 
requests pending, the BMIC will reassert MREQ# a 
minimum of two BCLKs later to reacquire the EISA 
bus. The BMIC will follow the arbitration priority 
scheme outlined above when servicing a data trans- 
fer request after a transfer interruption has occurred. 


lf the CFGFF bit = 0, the BMIC retains ownership of 
the EISA bus upon detection of a FIFO stall or 1K 
page break as long as a preempt timer timeout has 
not occurred. If there are additional data requests 
pending, the BMIC will immediately perform the 
pending transfer and then rearbitrate for the EISA 
bus to complete the interrupted transfer. If there are 
no additional data requests pending, the BMIC will 
relinquish ownership of the EISA bus only after the 
current transfer interruption has been serviced and 
completed. 


4.4.2 BMIC PREEMPT TIMER 


The BMIC can be preempted from the EISA bus by 
the 82357 (ISP). The 82357 negates MAK #, indicat- 
ing to the BMIC that it must finish the current bus 
cycle and relinquish control of the EISA bus by neg- 
ating MREQ# within 64 BCLK periods (8 ps). 


| 
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The BMIC provides a programmable preempt timer 
which can be programmed to relinquish the bus with- 


in 3, 32, or 64 BCLKs. The preempt timer is program- 
mable through the Global Configuration register. 


The following diagrams illustrate the latest the BMIC 
will start a new transfer after MAK # has been negat- 
ed. ; 


Depending on the type of transfer started, the BMIC 
will respond as follows: 


Assumptions: 


1. The 82357 has negated the MAK# signal at 
BCLK zero. 


2. The preempt timer is programmed to relinquish 
the EISA bus within 64 BCLKs after the negation 
of MAK#. 


3. Let X = programmed value of preempt delay (in 
BCLKs). 


BMIC Response: 
For all transfers, the BMIC will negate MREQ# with- 


in (X-2.5) BCLK periods following the MAK# tran- 
sition to an inactive state (BCLK 61.5). 


290255-4 


For all transfers, the BMIC may assert START # on any of the first X-3 rising edges of BCLK following the 


MAK # transition to an inactive state (BCLK 61). 


MAK# oe ee 


MREQ# 5 / 
Sa. ger ae ee 


START# 
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If the last cycle is a non-burst two BCLK cycle, CMD # will become inactive within (X-1) BCLK periods from the 
inactive transition of MAK# (BCLK 63), this is assuming that EXRDY is active. 


MAK# / ; 


MREQ# / 
center ete 
rere er eecnmimeed 

START# \ / 


tee eal ra ere etna rotten eter 
CMD4 
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If the last cycle is a burst EISA cycle, the BMIC will negate MSBURST # within (X-0.5) BCLK periods from the 
inactive transition of MAK# (BCLK 63.5). The last CMD# will go inactive within X BCLK periods from the 
deassertion of MAK# (BCLK 64). This is assuming. EXRDY is active. 


MAK# ar Sut, 

MREQ# eee i ge eee ee ee 

START# BA Ga por nn teeee a ee ee 

CMD# opegh eh Set en ot hd! ng Gere es gy 4 re 
MSBURST# ee ae ee ee ee ee 
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If the last cycle is mismatched, cycle completion will be controlled by the system. The BMIC will drive the LA 
address, M/IO, and W/R signals until the falling edge of BCLK after the last CMD # inactive transition. 


MAK# / ; 
MREQ# 
a ed 


| 
START# \ / . 
en ae 
CMD# 
et 
EX32# ; \ 


LA, M/I0, W/R | 
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4.5 EISA Address Incrementer 


The Transfer Channel Current Address register set 
for each channel functions as an address incremen- 
ter and is used to generate and track the address of 
the data during transfers. The register set incre- 
ments the address according to the number of bytes 
being transferred during that cycle. The transfer is 
automatically aligned on doubleword boundaries. 
The two least significant bits of the starting 32-bit 
address (AO and A1) are used to determine the initial 
address increment value. 


For 32-bit transfers, the BMIC provides an initial ad- 
dress increment of 1, 2, 3 or 4 depending on the 
value of address lines A<1:0>. After the initial in- 
crement, the BMIC increments the address by 4 until 
the last cycle is detected. 


The following example illustrates the BMIC address 
incrementer during a 32-bit master mode transfer. 


EISA Address 
A3 A2 A1 AO 
FFFFFOOIN. O <0 0 1 
FFFFFOO4h 0 1 o: «# 


Start Address 

Initial Increment 
(Incremented by 3) 

All Increments Following FFFFFOO8h 1 a ~&.°.8 
(Incremented by 4) FFFFFOOCh 1 1 5 . 9g 


The starting address A<1:0> is 01, this means that 
the initial increment must be 3 in order to align the 
next increments on doubleword boundaries. The 
subsequent increments will be by 4 until the last cy- 
cle is detected. 


For 16-bit transfers, the BMIC provides an initial ad- 
dress increment of 1 or 2 depending on the status of 
address lines A<1:0>. After the initial increment, 
the BMIC increments the address by two until the 
last cycle is detected. 
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The following example illustrates the BMIC address 
incrementer during a 16-bit master mode transfer. 


EISA Address 
A3 A2 A1 AO 
FFFFTOOIn: 0 9, @ 1 
FFFFFOO2h OO O 1 0 


Start Address 
Initial Increment 
(Incremented by 1) 
All increments Following FFFFFOO04h O 1 =O O 
(Incremented by 2) FRrFroves.,0 3 1 0 


The starting address A<1:0> is 01, this means that 
the initial increment must be 1 in order to align the 
next increments on singleword boundaries. The sub- 
sequent increments will be by 2 until the last cycle is 
detected. 


NOTE: 
The BMIC internally assembles 32-bit dwords. 
When a 16-bit burst transfer is preempted, the 
transfer will stop on a doubleword boundary. 


4.6 EISA Byte Decrementer 


The Transfer Channel Current Count register set for 
each channel contains the intermediate value of the 
byte count during the transfer and is used as the 
byte decrementer. The decrementer’s function is 
partially based upon the,address incrementer. In the 
above 32-bit incrementer example, the byte count 
would be decremented by 3 on the first cycle. After 
the initial decrement, the channel’s Current Count 
register set is decremented by 4 until the last cycle 
is detected. In the above 16-bit incrementer exam- 
ple, the byte count would be decremented by 1 on 
the first cycle. After the initial decrement, the chan- | 
nel’s Current Count register set is decremented by 2 
until the last cycle is detected. Note that the Current 
Count register does not decrement entirely to zero. 
Instead, it retains the value of the number of bytes 
transferred during the last cycle. 
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4.7 EISA Address Incrementer/Byte Decrementer Illustration 


The following table illustrates the various states of (AO, A1) vs the transfer byte-count and the initial address 
during a 32-bit transfer. 


Byte Starting Next initial Number of Last Number of 
Count Address Address Increment — Left Cycle = Left 


NOTES: 


XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 
XXX 0000 
XXX 0001 
XXX 0010 
XXX 0011 


1. “X” = Don’t Care 
2. If the ‘‘byte count” is less than or equal to the “‘initial increment’, then the current cycle = the first cycle = the last 


cycle. 


XXX 0100 
NA 
NA 

XXX 0100 

XXX 0100 
NA 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 

XXX 0100 


HANORANHDATZNHOAANHWATZNORANHBAZNMOLAD 


OMON DOANODONDOOTA DAA WAAARPWONDAPANDHY WAN OND COO" OCOC COCO Oo 
ONINMONNANAONNANNANH-?- NON H HNnNABrHBttretrestetHaeH OHH OOH Oooaeoed Oo 


3. If the number of bytes left is less than or equal to 4, then the next cycle = the last cycle. 
4. For information regarding byte alignment, refer to Section 6.3.1. 
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4.8 1/O Address Range Decode 
Support 


The BMIC provides on-board decoder logic, two |/O 
select pins ((IOSEL<1:0> #), and a set of 8-bit 1/O 
Decode Range registers to support both general I/O 
decode and expansion board slot specific I/O de- 
code. The BMIC also uses the AEN signal when de- 
coding |/O locations. 


The set of I/O Decode registers include two I/O De- 
code Range Base Address registers and two |/O 
Decode Range Control registers (refer to Section 
8.2.6). The |1/O Decode registers are used to define 
the address ranges of interest to the bus master 
expansion board. Each IOSEL# <1:0> pin has an 
associated Control and Base register along with an 
associated address range as defined by the I/O De- 
code register set. 


Through the |/O Decode Range Control register set, 
the BMIC can be programmed to respond to a select 
|/O address range as either an 8-bit or 32-bit EISA 
device. The only control signal provided by the BMIC 
to the EISA bus during an !/O decode is the EX32# 
signal. The output state of the EX32# pin on the 
BMIC will indicate the elected response (low = 32- 
bit EISA, high = 8-bit EISA). The Control register set 
controls the size of the I/O decode range, the I/O 
decode type (slot specific or general I/O), and the 
|/O decode address latching. The I/O address can 
be latched by the CMD# signal (de-pipelined) or 
merely decoded. By latching the I/O address, the 
associated IOSEL# line will remain active a mini- 
mum of 5 ns from the rising edge of CMD#. 


The IDOEs do not go active during an IOSEL cycle 
outside the shared register access space. 


The I/O decode range size depends on the value of 
bits <4:0> in the Control register. Each of these 
bits masks a corresponding address comparison bit 
in the Base register. If no bits are masked in the 
Control register, the BMIC will decode a doubleword 
address. The bits are masked as follows: 


1/O Control | I/O Base Register | EISA Address 
Register Bit Masked Bit Masked 


IADS2 
IADS3 
|IADS4 
IADS5 
IADS <7:6> 


The I/O Decode Range Base Address register con- 
tains the address range that is used during the I/O 
decode address comparison. The following table 
gives the bits in the |/O Base Address Register and 
the EISA Address that are used during the compari- 
son: 
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(EISA Address Bits) 
Slot Specific | General I/O 


IADS2 
|IADS3 
IADS4 
IADS5 
|IADS6 
|IADS7 
1IADS10 
IADS11 


1/O Base 
Address Register 


If bit 6 in the |/O Decode Range Control register is 
programmed for General I/O decode, and the two 
most significant bits in the |1/O Decode Range Base 


Address’ register are programmed to 0 
(IADS <9:8>), 1/O decoding for that range will be 
disabled. This is done to ensure that the I/O address 
does not conflict with the slot specific address range 
or the EISA system board address range. The fol- 
lowing table summarizes the EISA system I/O ad- 
dress mapping: 


1/0 
Address 

Range 

(HEX) I/O Range Reserved for 
OO00-OOFF EISA/ISA System Board 
0100-O3FF General I/O (ISA Expansion Board) 
0400-O04FF ISP (82357) 
0500-07FF General I/O (Alias of 0100h-03FFh) 
O800-O8FF EISA System Board 
O900-OBFF General I/O (Alias of 0100h-03FFh) 
OCOO-OCFF EISA System Board 
ODOO-OFFF General I/O (Alias of 0100h-03FFh) 


Slot Specific Range where X = Slot Number 

X000-XOFF Slot (X) 

X100-X3FF General I/O (Alias of 0100h-03FFh) 

X400-X4FF Slot (X) 

X500-X7FF General !/O (Alias of 0100h-03FFh) 

X800-X8FF Slot (X) 

X900-XBFF General I/O (Alias of 0100h-03FFh) 

XCOO-XCFF Slot (X) (BMIC Registers OC80h- 
OCAFh) 

XDOO-XFFF General I/O (Alias of 0100h-03FFh) 


The following is an example of the BMIC pro- 
grammed for slot specific decode: 


|/O Decode Range 0 Control register programmed 
for (EFh) 


(ei7[ ee] ons] oi«[ens[en2[sri [ero 
1 1 0 1 1 1 1 


(erm , 3 
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— Bit 7—Respond as a 32-bit EISA slave 
— Bit 6—Slot specific decode enabled 
— Bit 5—Slot specific address latched by CMD# 


— Bit 4—Compare !/O Decode Range 0 Base Ad- 
dress Bits (5) and (4) with EISA address signals 
IADS7 and IADS6 respectively | 


— Bit 3—Mask I/O Decode Range 0 Base Address 
Bit (3) 

— Bit 2—Mask I/O Decode Range 0 Base Address 
Bit (2) 

— Bit 1—Mask I/O Decode Range 0 Base Address 
Bit (1) 


— Bit O—Mask I/O Decode Range 0 Base Address 
Bit (0) 


1/O Decode Range 0 Base Address register pro- 
grammed for (2-h) 


IADS111ADS10 IADS7 IADS6 IADS5 IADS4 IADS3 IADS2 


Bits | Bits | Bits | Bitz | Bitt | Bito 
0 1 0 —_ — ~— es 


(2h) 0 


EISA slot specific address range decoded—X080h 
through XOBFh where X represents the expansion 
board slot number 


(X080h) (XOBFh) 
xxxx000010(00) (00) 00throughxxxx000010(11) (11)11 
+. . dees i 


EISA Address 
Bits Masked 
(IADS<5 32>) 


Byte enables IBE<3:0> # and EISA address lines 
IADS<1:0> are not used during either slot specific 
or general |/O decode. During slot specific |/O de- 
code, EISA address lines IADS<9:8> must be 0 to 
ensure that the |/O address does not conflict with 
the ISA general |/O address range (0100h-—03FFh). 


lIOSELO# and EX32# will be driven low by the BMIC 
if addresses XO80h through XOBFh are present on 
the EISA bus. 


AEN is used as part of the decode and must be 
negated low when a response from the BMIC is re- 
quired. 


5.0 TRANSFER BUFFER INTERFACE 


5.1 Transfer Buffer interface Signals 


The Transfer Buffer Interface portion of the BMIC 
provides the signals essential for interfacing to the 
expansion board as required for EISA-to-expansion 
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board and expansion board-to-EISA burst data 
transfers. The Transfer Buffer Interface is designed 
to interface to a high speed transfer buffer and sim- 
ple logic similar to that used in traditional DMA de- 
signs. This interface includes a 16-bit data bus, one 
clock input, and seven control signals. 


The 16-bit data lines TDAT<15:0> are used by the 
BMIC to transfer the data to and from the transfer 
buffer logic on the expansion board during transfers. 
The data is word aligned. The BMIC automatically 
assembles the words received from the expansion 
board into 32-bit dwords for 32-bit transfers over the 
EISA bus. The data lines are also used by the BMIC 
to transport internally generated transfer start and 
real-time addresses to the external logic for use dur- 
ing data transfers (refer to Section 5.3). 


The clock input (TCLK) controls the transfer rate be- 
tween the BMIC and the external transfer buffer log- 
ic. The TCLK can be asynchronous to the BCLK. 


The seven control signals include: 


— Transfer Request (TRQ#): an output to request 
data transfers over the Transfer Buffer interface. 


— Transfer Acknowledge (TACK #): An input to ac- 
knowledge data transfers. The TACK# signal 
may be used by the transfer buffer logic to add 
wait states to the data cycle. 


— Data Transfer Direction (TDIR): An output to in- 
form the external transfer buffer logic as to the 
direction of the current transfer (EISA read or 
EISA write). 


— Transfer Channel Select (TCHAN): An output to 
indicate which of the two channels is currently 
active. 


— Transfer Address Counter Load (TLD #): An out- 
put to load the current transfer start address to 
an external address counter, depending on the 
expansion board application. 


— Transfer Data Output Enable (TDOE #): An input 
that unconditionally disables the BMIC from driv- 
ing the TDAT <15:0> lines. With this signal, the 
BMIC can be prevented from driving the 
TDAT <15:0> lines while the local processor ac- 
cesses the transfer buffer logic on the expansion 
board. No handshaking is required, so through- 
put is increased. 


— Transfer End-of-Process (TEOP#): TEOP# is a 
status output pin that signals the end of a data 
transfer to the external transfer buffer logic. 


NOTE: 


Refer to Section 9.4 for additional information re- 
garding the above signals. 
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5.2 External Transfer Buffer Logic 


The Transfer Buffer interface is designed for high 
speed devices, such as SRAM based designs, or 
FIFOs. The Transfer Buffer interface data path is 16 
bits wide. This requires the transfer clock (TCLK) to 
run at a speed of 16 MHz to 20 MHz to maintain the 
EISA maximum data rate of 33 Mbytes/sec. The fast 
cycle times required on the data Transfer Buffer 
interface can be implemented in the controlled envi- 
ronment found locally on the expansion board. If 
two BCLK transfers are used on the EISA side 
(16 Mbytes/sec), the timing requirements for the 
transfer buffer can be relaxed, and lower cost imple- 
mentations can be utilized. 


If the transfer buffer controller does dynamic arbitra- 
tion for the transfer buffer between the BMIC and 
the peripheral device(s) on the expansion board, the 
peripheral device accesses should be short enough 
so that the BMIC’s data FIFO can handle the inter- 
ruption to its data flow without stalling the EISA 
transfer. 


Examples of transfer buffer architecture implemen- 
tations that could be interfaced to the BMIC include: 


— A FIFO implementation which is large enough to 
buffer the difference in throughput rates between 
the peripheral device on the expansion board 
and the EISA Bus. See Section 5.2.1. 


— Asmall high-speed DMA like device that gener- 
ates addressing for a SRAM based transfer buff- 
er. 


— A controller implementation for dual-ported 
SRAM for high transfer buffer bandwidth. 


— A page or nibble-mode dynamic-RAM controller 
implementation for large, low cost transfer buff- 
ers. 


— For graphics systems, the frame buffer itself can 
be used for the transfer buffer with a non-linear 
address generator for transferring windows in the 
screen image. : 


5.2.1 FIFO IMPLEMENTATION 


During EISA writes, the BMIC will overread the trans- 
fer buffer (read data beyond the number of bytes to 
be transferred) by a maximum of 28 bytes. These 
overread bytes may contain valid data (back to back 
transfers) which will be lost. The data loss can be 
avoided through software or hardware. The software 
solution avoids back to back transfers. This implies 
that there is data for only one transfer in the FIFO at 
any given time. 
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The hardware solution requires an external 22-bit 
Byte Counter and a Flip-Flop. The terminal count of 
the Byte Counter is used to SET the Flip-Flop which 
disables BMIC reads to the FIFO. The BMIC will 
continue to read (overread) ‘stale’ data. The BMIC 
TEOP# output signal is used to RESET the Flip- 
Flop enabling BMIC reads to the external FIFO. 


5.3 Transfer Interface Start Address 
Generation 


The BMIC provides four 8-bit Transfer Buffer Inter- 
face (TBI) registers, two Base and two Current regis- 
ters, which can be programmed with 16-bit transfer 
start addresses. Each transfer channel has an asso- 
ciated Base and Current register pair. The Base reg- 
isters contain the start address and the Current reg- 
isters provide the real-time address used to track the 
current transfer. The Current registers will increment 
by one each time a 16-bit word is transferred across 
the Transfer Buffer interface. 


The 16-bit start address is transferred across the 
TDAT <15:0> lines to the transfer buffer logic at the 
beginning of all new data transfers (i.e., each time 
the TBI Base register set contents are transferred to 
the TBI Current register set). The contents of the TBI 
Base registers are transferred to the TBI Current 
registers after a write to the associated channel’s 
Transfer Strobe register is completed (refer to Sec- 
tion 4.2). The BMIC provides a load signal (TLD#) 
which can be used to latch the start address into an 
external address counter for use by the transfer buff- 
er logic. 


The BMIC can also be programmed to generate the 
transfer address each time the associated channel 
regains the bus, in which case, the address will be 
the real-time address. By programming the CFGEA 
bit in the Channel Configuration register to a ‘1’, the 
start address will be transferred to the transfer buffer 
logic at the beginning of all new transfers and the 
real-time address will be transferred each time the 
associated channel regains the bus. If the CFGEA 
bit is set to a “O”’, the transfer start address will be 
transferred at the beginning of all new transfers and 
the real-time address will not be transferred. 


NOTE: 

The TBI Current register set is readable by the lo- 
cal processor. However, there are possible coher- 
ency problems involved with reading multiple bytes 
while the current registers are being updated during 
a transfer. To avoid these problems, the channel’s 
transfer should be temporarily suspended (using 
the channel’s Configuration Register) before trying 
to read the channel’s TBI Current register set. 
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5.4 Transfer Buffer Interface Timing 


Example 


Figures 5-1 and 5-2 illustrate the start up and con- 
clusion of a transfer cycle across the Transfer Buffer 
interface and should be used as a reference when 
reading the following text. 


1s 


. TLD# 


At the start of a data transfer TCHAN and TDIR 
change to their new values prior to the falling 
edge of TLD# to set up the cycle. TCHAN and 
TDIR will not change states as long as TRQ# is 
asserted. 


is asserted until acknowledged by 
TACK#. The transfer address is transferred to 
the external logic each time the TBI Base register 
contents are transferred to the TBI Current regis- 
ter set (new transfer) and, if programmed, each 
time the current channel regains the bus. 


. The new address is loaded using the TDAT bus 


during TLD# at point (A). The TDAT bus should 


TACK# = (2) 
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be turned on by asserting TDOE# during TLD # if 
the internal start address is required. Once the 
external channel address and direction are set up, 
the data transfer can begin. 


. Data transfer requests are signaled by TRQ# be- 


ing asserted (low). TRQ# will remain active until 
the data transfer is completed or a transfer inter- 
ruption occurs (refer to Section 1.0) followed by 
TACK # active. During an EISA write, there will be 
a one TCLK delay between TLD# deasserting 
and TRQ# asserting as denoted by point (D) in 
Figure 5-2. This is to allow time for the external 
buffers to change direction after the TLD# has 
been completed. 


. Each word transfer to or from the BMIC is ac- 


knowledged by the TACK# signal. If TACK# is 
active at the rising edge of TCLK, one word will 
be transferred. If TACK# is not active at the ris- 
ing edge of TCLK, the word that is currently being 
transferred will be inhibited and a wait state will 


290255-9 
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be inserted. This is shown at point (B) in Figure 
5-1. Such a wait may be needed when the exter- 
nal transfer buffer logic is arbitrating between the 
BMIC and the I/O subsystem on the expansion 
board. Wait states may also be inserted by 
stretching TCLK at point (C) in both of the figures. 
Clock stretching is possible as long as the one to 
one ratio of TCLK to BCLK is not violated. 


NOTE: 
A long TCLK stretch time will hang the Transfer 
Buffer interface. Also, TCLK must be running dur- 
ing the time TRQ# is inactive in order for the 
Transfer Buffer interface to function properly. 


As indicated above, TACK # must be stable at the 
rising edge of TCLK. However, TACK# can as- 
sume any convenient pattern at other times. As 
shown by the first pattern, TACK # (1) pulses low 
at the TCLK edge that data is transferred. This 
pattern is particularly useful when TCLK wait- 
states are desired as indicated at point (B) in Fig- 
ure 5-1. The alternate pattern (TACK # 2) is useful 
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during TCLK stretching since TACK# is always 
low during TRQ# as shown at point (C). This is 


effective since the transfer clock edge timing is 
controlled by the amount TCLK is stretched. 


. TEOP # is asserted at the end of a transfer by the 


BMIC. 


The BMIC will indicate end-of-process by assert- 
ing TEOP# shortly after the negation of the last 
CMD# in the transfer. During an EISA write 
transfer, the BMIC will assert TEOP # a maximum 
of two TCLKs after CMD# is negated. During an 
EISA read transfer, the BMIC will assert TEOP # 
typically eight TCLKs after the negation of 
CMD#. In either case (EISA read or EISA write), 
the TEOP # signal is delayed from the rising edge 
of TCLK. 


NOTE: | 
The BMIC will assert the expansion board inter- 
rupt signal (LINT) at the end of a transfer, if so 
programmed in the Transfer Channel Configura- 
tion register. 


290255-10 


Figure 5-2. Transfer Buffer Interface Timing (EISA WRITE) 
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6.0 FIFO/DATA ALIGNER 


6.1 FIFO/Data Aligner 


The BMIC uses two identical FIFOs, one per transfer 
channel, and a common data aligner for data trans- 
fers between system memory and the bus master 
expansion board. The primary function of the FIFO/ 
Data Aligner Unit is to help isolate and simplify the 
timing relationships between the EISA bus and the 
devices on the expansion board. 


The FIFO allows the timing on the expansion Board 
side of the BMIC to be based on a locally generated 
clock signal. This transfer clock (TCLK) can be inde- 
pendent of the EISA BCLK signal that governs EISA 
bus timing. The FIFO also provides latency protec- 
tion for wait states generated on either the EISA bus 
or expansion board. 


The Data Aligner arranges the 16-bit data from the 
external transfer buffer to any arbitrary byte align- 
ment in system memory. The data aligner also per- 
forms the assembly and disassembly of the EISA 
data during the transfer. The TDAT data assembly 
and disassembly is done by the Transfer Buffer in- 
terface portion of the BMIC. 


6.2 FIFOs 


Each FIFO on-board the BMIC is 24 bytes in size. 
The transfer data is written into the FIFOs from 
either the expansion board or the EISA bus side, 
depending on the direction of transfer. The data is 
written into the FIFO as doublewords during the 
transfer. However, if the data is not doubleword 
aligned, partial FIFO loads will be done at the begin- 
ning or end of a transfer depending on the byte 
count, address programmed and the direction of the 
transfer. 


The condition of the FIFOs can be determined by a 
read to the Transfer Channel Status register set. A 
read to this register will indicate whether the FIFOs 
are stalled or active. A FIFO stall is defined as a 
FIFO that is full during an EISA read or empty during 
an EISA write. In either case, the transfer buffer logic 
is unable to keep up with the EISA device. If a FIFO 
stall occurs, the transfer will be stopped and the 
BMIC will either service the transfer request with the 
highest priority or relinquish the EISA bus 
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to the system. The BMIC will relinquish the bus to 
the system if the CFGFF bit in the channel’s corre- 
sponding Configuration register is set to a 1. 


6.3 Data Aligner 


6.3.1 EISA BYTE ALIGNMENT 


The BMIC automatically handles the byte alignment 
for the EISA bus in the case of misaligned double- 
word boundaries and assumes no performance pen- 
alty. The BMIC will do any partial doubleword trans- 
fers as required at the beginning and the end of all 
transfers. The two least significant bits of the 32-bit 
transfer start address (A1 and AO) are used to pro- 
vide the byte alignment for both EISA read and EISA 
write transfers. The following tables illustate the 
BMIC’s byte alignment approach during 32- and 16- 
bit transfers: 


In tne following tables “—” represents no data 
transferred and the digits represent the data items 
being transferred. The byte alignment for an EISA 
read is identical to that of an EISA write. 


EISA Write (32-bit/12-byte Transfer) 
and (16-bit/6-byte Transfer) 


(32-Bit) (16-Bit) 
Output Data Output Data 
to EISA Bus to EISA Bus 
Byte 
Lane — 


an 
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6.3.2 DATA ASSEMBLY/DISASSEMBLY 


Before being placed on either the TDAT or IDAT 
data buses during an EISA read or EISA write, the 
data will be assembled or disassembled as required. 
The IDAT data is assembled and disassembled by 
the FIFO/data aligner portion of the BMIC and the 
TDAT data is assembled and disassembled by the 
Transfer Buffer interface portion of the BMIC. The 
following paragraphs illustrate the BMIC’s assembly 
and disassembly approach during 32- and 16-bit 
transfers. The illustration assumes that byte align- 
ment is not required. 


During 32-bit EISA read transfers, the 32-bit double- 
words are removed from the EISA bus and placed 
into the FIFO. After flowing through the FIFO, the 
32-bit doublewords are copied-down to 16-bit words 
and then placed on the TDAT bus. 


During 32-bit EISA write transfers, the 16-bit words 
are removed from the TDAT lines, assembled into 
32-bit doublewords, and then placed into the FIFO. 
After flowing through the FIFO, the 32-bit data is 
placed on the EISA bus. No further assembly or dis- 
assembly is required after the FIFO as the data is 
already in 32-bit doubleword form. 


During 16-bit EISA read burst transfers, the 16-bit 
words are removed from the EISA bus, assembled 
into 32-bit doublewords, and then placed into the 
- FIFO. After flowing through the FIFO, the 32-bit data 
is copied-down to 16-bit words and then placed on 
the TDAT bus. 


During 16-bit EISA write burst transfers, the 16-bit 
words are removed from the TDAT bus, assembled 
into 32-bit doublewords, and then placed into the 
FIFO. After flowing through the FIFO, the 32-bit data 
is copied-down to 16-bit words and then placed on 
the EISA bus. 


7.0 LOCAL PROCESSOR INTERFACE 


The BMIC’s Local Processor interface is based on 
an asynchronous, 8-bit interface. All of the slave sig- 
nals required for a local processor to program the 
BMIC are provided through this interface. These sig- 
nals include (L_CS#, LRD#, LWR#); two address 
lines (LADSO and LADS1) for addressing internal 
registers; an 8-bit data path (LDAT); an interrupt sig- 
nal (LINT); and a ready signal (LRDY). LINT allows 
the BMIC to interrupt the local processor and the 
ready signal (LRDY) indicates. when valid data is 
available on the LDAT lines (shared register access- 
es only, see below). If a local processor is not used, 
the Local Processor interface can be connected to 
the 8-bit ISA bus (refer to Section 7.3). The choice of 
the local microprocessor or microcontroller used de- 
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pends upon the specific application and the degree 
of performance and data processing needed (refer 
to Section 7.2). 


The Local Processor interface portion of the BMIC 
contains two 8-bit registers which are used by the 
local processor to access all of the BMIC’s internal 
registers. These registers are mapped into the Local 
Processor interface and include a Local Data regis- 
ter and a Local Index register. These registers are 
selected using the Local Processor interface’s two 
address lines. The Local Status/Control register is 
also directly mapped into the Local Processor inter- 
face and is used to provide the local processor with 
the interrupt, peek/poke, and Base register status. 


The BMIC allows the local processor and the EISA 
bus to communicate with each other through a set of 
Command/Status. registers. The Command/Status 
registers are referred to as shared registers and in- 
clude a set of Mailbox registers, Semaphore ports, 
and doorbell registers. The mailbox registers are 
used to pass messages to and from the local proc- 
essor and the EISA bus and are controlled by the 
Semaphore ports. The Doorbell register set is used 
to inform the respective processor of new mes- 
sages. Also part of the shared register set are the ID 
registers, which are used to support the EISA expan- 
sion board ID function. 


The BMIC allows the local processor access to indi- 
vidual locations in system memory or |/O space us- 
ing the Peek/Poke feature. The local processor can 
also initiate BMIC burst and non-burst (two BCLk) 
data transfers to and from system memory. 


7.1 Shared Registers—Status/ 
Command Support 


As data transfer rates increase, it is critical that an 
efficient command and status passing mechanism 
be implemented so that command and status ex- 
change does not become a new bottleneck to sys- 
tem performance. The BMIC utilizes a high-perform- 
ance command/status interface between the main 
system and the local processor to minimize com- 
mand/status overhead. 


The Shared registers are a group of registers ac- 
cessable by the system CPU or EISA bus master 
and the local processor for general-purpose com- 
mand and status interactions and EISA expansion 
board ID function support. The features of the BMIC 
command/status support include a pair of sema- 
phore ports, a set of interrupt ports (“doorbell regis- 
ters’), and a set of mailbox registers. With these 
functions, many different types of high-performance 
communication protocols can be defined between 
the system and the expansion board. The Global 
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Configuration register, the System Interrupt Enable/ 


Control register, and the ID registers are also part of 
the shared register set. 


7.1.1 SEMAPHORE PORTS 


The two semaphore ports are specifically designed 
to allow set-and-test functions in |/O space. Specifi- 
cally, the ports are used to lock access to the mail- 
box registers and to lock access to links in main 
memory. Each of the semaphore ports consists of 
two parts: the semaphore flag bit and the sema- 
phore test bit. 


When a write occurs to the semaphore flag bit 
through either the EISA interface or the Local Proc- 
essor interface, the old value of the semaphore flag 
bit is copied to the appropriate semaphore test bit. 
The old value of the semaphore flag bit is then avail- 
able in the test bit to be read back by the processor. 
If the value read back from the semaphore test bit is 
a “1”, the requested resource is unavailable for use. 
If the value read back is a “0”, the requested re- 
source is available for use and is now locked by the 
requesting processor or bus master. In this manner, 
set-and-test algorithms can be implemented without 
using the EISA bus lock function. The processor or 
EISA bus master unlocks the semaphore by simply 
writing a “0” to the associated semaphore flag bit. 


NOTE: 

The Semaphore ports and resources are locking 
only in a software sense, as in any semaphore in 
main memory. The Semaphore ports are identical 
and are not associated with either interface (EISA 
or Local). The protocol for the semaphores and the 
effect they have on other shared registers, like the 
-Mailbox registers, is strictly a matter of how the 
system software chooses to use them. 


Implementing the semaphore in the BMIC instead of 
main memory eliminates the need for the BMIC to 
arbitrate for the EISA bus every time it wishes to 
update or test the semaphore. Note that the sema- 
phore scheme described here is functional only 
when a single device on the EISA is communicating 
with the BMIC; the semaphore coordinates “locks” 
between the single device and the local processor. 
In the case that multiple masters attempt to lock ac- 
cess to the BMIC, the masters must first agree 
amongst themselves which one has the privilege to 
use the BMIC semaphore port(s). 


7.1.2 MAILBOX REGISTERS 


A set of 16 8-bit general-purpose mailbox registers 
are used to pass information between the bus mas- 
ter expansion board and the EISA system. The 16 
registers are mapped contiguously in EISA slot-spe- 
cific |/O space, so they can be accessed as bytes, 
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words, or doublewords. These registers can be used 
to directly pass command and status information, or 
they can be used as pointers to larger command 
blocks in memory. 


The mailbox registers can be read or written at any 
time from either the EISA bus or the Local Processor 
interface. An internal arbitration is implemented in 
such a way that if there is a simultaneous read and 
write from both sides of a mailbox register, then the 
read operation will not contain indeterminate bits. In 
other words, when a read operation is done on a 
mailbox register at the same time as a write opera- 
tion to that register, the bit pattern that is read will be 
either the old bit pattern in the mailbox, or the new 
bit pattern being written, but never some transitory, 
invalid bit pattern. 


7.1.3 DOORBELL REGISTERS 


There are two 8-bit doorbell Interrupt/Status regis- 
ters in the BMIC, one assigned to the EISA side and 
one assigned to the expansion board side. The EISA 
System Doorbell register is used by the local proces- 
sor to request service from the EISA side and the 
Local Doorbell register is used by the device on the 
EISA side to send an interrupt request to the local 
processor on the bus master expansion board. The 


doorbell Interrupt/Status registers are implemented 


with “sticky” bits, so that individual bits in the regis- 
ter can be set by the interrupting device or reset by 
the servicing device without knowledge of the states 
of the other bits in the register. The eight bits in each 
doorbell register allow up to eight separate devices 
or events in each direction to have interrupt requests 
pending simultaneously. The interrupt requests 
pending in either of the two Doorbell registers are 
ORed with the other interrupt sources from within 
the BMIC, and the result is sent out over one of the 
two interrupt pins: LINT or EINT. 


Each doorbell register has an associated 8-bit Inter- 
rupt Enable register used to enable or disable the 
interrupts on an individual basis. The BMIC also in- 
cludes a System Interrupt Enable/Control register 
and a Local Status/Control register used to disable 
the system (EINT) and local (LINT) interrupts and to 
verify the status of the system and local interrupts 
on a global basis (refer to Sections 8.1.1.3.3 and 
8.2.2). 


The following paragraphs describe the operation of 
the Local Doorbell Interrupt/Status register. The 
EISA System Doorbell Interrupt/Status register is 
similar, but operates in the opposite direction. 


Each device or event that can interrupt the bus mas- 


ter expansion board can be assigned a bit position 
within the BMIC’s Local Interrupt/Status Doorbell 
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register. When the device on the EISA bus wants to 
send an interrupt request to the bus master expan- 
sion board, it writes to the Local Interrupt/Status 
Doorbell register (from the EISA side) with that de- 
vice’s assigned bit position set active. This will set 
that bit in the Local Interrupt/Status Doorbell regis- 
ter, but leave the other bits in the register unaffect- 
ed. If that bit position is not disabled, then the inter- 
rupt signal to the local processor will be asserted. 


When the local processor services the interrupt, it 
checks the Local Status/Control Register to deter- 
mine the source of the interrupt. If the control regis- 
ter indicates that the Local Doorbell register is one 
of the active interrupt sources, then the local proc- 
essor can read the Local Doorbell register to deter- 
mine which bits are active and requesting interrupts. 
If the local processor decides to service one of the 
requests from the Local Doorbell register, it can 
write to the Local Doorbell register with that bit’s 
position set. This action will cause that bit in the Lo- 
cal Doorbell register to reset, but the other bits will 
remain unaffected. Thus, each bit in the Local Door- 
bell register is like a set-reset flip-flop, with the EISA 
bus controlling the ‘‘set’” input, and the Local Proc- 
essor interface controlling the “reset” input. 


7.2 Local Processor 
Recommendations 


The Local Processor interface to the BMIC will sup- 
port numerous processors, from the 8088 micro- 
processor to the 376 embedded processor. 


The 80186, 80C186, 80188, and 80C188 family of 
processors provides a clean interface to the BMIC’s 
Local Processor interface and eliminates the need 
for additional logic. An on-board programmable wait- 
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state generator eliminates the need for external 


wait-state generation logic between the processor 
and the BMIC during non-shared register accesses. 


7.3 Requirements for No Local 
Processor 


The BMIC allows for expansion board designs that 
do not require a local processor. To support the pro- 
gramming of the BMIC in a no local processor board 
design, the Local Processor interface must be con- 
nected to the ISA bus. However, when the ISA bus is 
used, the BMIC must be informed that there is no 
local processor and that it must change its function 
slightly (refer to next section). To inform the BMIC 
that no local processor is present, LRDY must be 
driven low during RESET and remain low a minimum 
of two BCLKs after RESET is negated. 


The following circuit can be used to establish the 
proper LRDY/RESET timing as required for a no lo- 
cal processor design (see Figure 7-1). 


7.4 EISA ID Function Support/ 
Registers 


The BMIC provides support for the EISA expansion 
board ID function. The primary ID implementation 
takes advantage of the local processor. Upon reset, 
the local processor executes a routine from its ROM 
that writes the product identifier for the expansion 
board to the four 8-bit ID registers in the BMIC. The 
registers are accessed through the Local Processor 
interface and are located at local index addresses 
OOh-O3h. On the EISA side, these registers are 
mapped into the EISA slot specific ID address range 
XC80h-XC83h. 


Board Ready 


+———— Establish 2 BCLK delay with RC cir. 
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= Depends on frequency of BCLK and application implemented. 
Depends on frequency of BCLK and application implemented. 


Active low tri-state buffer 
Active high tri-state buffer 


Figure 7-1. LRDY/RESET Circuit with No Local Processor 
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If the host CPU accesses the ID registers in the to hold the expansion board ID value. The BMIC will 
BMIC before the local processor has programmed automatically set its |1/O Decode Range 0 Control 
them, the BMIC will return the setup delay ID code register to decode 8-bit EISA ID addresses. The 
0111XXXXh in the byte 0 ID register located at EISA lIOSELO# output signal can then be used to trigger 
slot specific |/O address XC80h. The byte 0 ID regis- external logic on the expansion board to enable ID 
ter should be programmed last by the local proces- data onto the IDAT <7:0> data lines. The ID register 
sor. must be connected as shown in Figure 7-2. The ex- 
ternal logic should monitor SA1 and SAO on the ISA 
lf a local processor is not used, external registers bus to determine which data byte to drive. 
will have to be implemented on the expansion board 


IDAT<0:7> 


IDOEO# 
IDDIR 


ID 
REGISTER ID REGISTER ENABLE 
; IOSEL# 


Figure 7-2. IDOEO# Connection during ID Register Access 
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8.0 REGISTER DESCRIPTION 


8.1 Shared Register Description 


The following is a table of the Shared register group listing the number of registers, register type (read/write) 
as related to the local and EISA side, register name, and register size: 


Local Active Bits 


Semaphore Register 
Mailbox Register 
Local Doorbell Interrupt/Status Register 


Local Doorbell Enable Register 

EISA System Doorbell Interrupt/Status Register 
EISA System Doorbell Enable Register 

System Interrupt Enable/Control Register 
Global Configuration Register 

ID Register 
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8.1.1 COMMAND/STATUS SUPPORT 
REGISTERS 


8.1.1.1 Semaphore Ports (Read/Write) 


The BMIC contains two Semaphore ports which can 
be used to software lock resources between the 
EISA bus and the local processor. Each semaphore 
port controls a 1-bit semaphore flag. Upon reset, the 
Semaphore ports are reset to 0. 


Semaphore Port 0 EISA Address—XC8Ah 
Semaphore Port 0 Local Index Address—OAh 


Semaphore Port 1 EISA Address—XC8Bh 
Semaphore Port 1 Local Index Address—OBh 
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Bit 7-2 —Reserved, set to 0 
Bit 1 —Semaphore Test bit (Read Only) 
Bit O —Semaphore Flag bit (Read/Write) 


Bit (0) reflects the actual value of the semaphore at 
any given instant. Whenever a write is done to the 
Semaphore Flag bit (0), its previous value is simulta- 
neously copied to the Semaphore test bit (1). Inter- 
. nal to the BMIC, there are two test bits for each 
semaphore port: one for the EISA interface and one 
for the Local Processor interface. To do a test-and- 
set function, write to the semaphore port with the 
desired semaphore value in the flag bit. After a write 
has been completed, read the semaphore port and 
check the test bit to verify that a collision did not 
occur. 


8.1.1.2 Mailbox Registers (Read/Write) 


The mailbox registers are sixteen 8-bit, general pur- 
pose registers. The format of the contents of the 
mailbox registers is user-defined. The Mailbox regis- 
ter set is not initialized to a fixed value upon reset. 


EISA Address—XC90h through XC9Fh 
Local Index Address—10h through 1Fh 
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8.1.1.3 Doorbell Registers 


8.1.1.3.1 Local Doorbell Interrupt/Status 
Register (Read/Write) 


This register is implemented with ‘‘sticky” bits (refer 
to Section 7.1.3). The Local Doorbell Interrupt/ 
Status register is used by the EISA bus to send an 
interrupt request to the expansion board. When read 
from, this register indicates the status of pending in- 
terrupt events. Upon reset, the Doorbell Interrupt/ 
Status register is reset to 0. 


EISA Address—XC8Dh 
Local Index Address—ODh 


Bit7-O0 1 = Doorbell interrupt pending (local CPU 
read) 
Set Doorbell bit (EISA write) 
Reset Doorbell bit (Local CPU write) 


0 = No doorbell interrupt pending (Local 
CPU read) 


No action (EISA or local CPU write) 


Bits 0-7 allow up to eight events or devices on the 
EISA side to interrupt the local side of the BMIC. The 
above bits can only be reset by the servicing proces- 
sor on the local side. 


8.1.1.3.2 Local Doorbell Enable Register (Read/ 
Write) 


The Local Doorbell Enable register is used by the 
local processor to enable or disable interrupt re- 
quests to the local expansion board. This register is 
read only from the EISA side. Upon reset, the Door- 
bell Enable register is set to 0. 


EISA Address—XC8Ch 
Local Index Address—OCh 
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Bit 7-O 1 


Enable doorbell interrupt for corre- 
sponding bit position 


0 = Disable doorbell interrupt for corre- 
sponding bit position 


No action (local CPU write) 
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Bits O through 7 act as interrupt enables for bits 0 


through 7 in the Local Doorbell Interrupt/Status reg- 
ister respectively. 


8.1.1.3.3 EISA System Doorbell Interrupt/Status 
Register (Read/Write) 


This register is implemented with “sticky” bits (refer 
to Section 7.1.3). The EISA System Doorbell Inter- 
rupt/Status register is used by the expansion board 
to send an interrupt request to the EISA bus. When 
read from, this register indicates the status of pend- 
ing interrupt events. Upon reset, the EISA System 
Doorbell Interrupt/Status register is reset to 0. 


EISA Address—XC8Fh 
Local Index Address—OFh 


[ei7 [aie [ets [en4 [axa [ ete] enr [ano 


Bit 7-0 1 


Doorbell 
read) 


Set Doorbell bit (Local CPU write) 
Reset Doorbell bit (EISA write) 
0 = No doorbell interrupt pending 


interrupt pending (EISA 


Bits 7-0 allow up to eight events or devices on the 
expansion board to send interrupts to the EISA bus. 
The above bits can only be reset by the servicing 
processor on the EISA side. 


8.1.1.3.4 EISA System Doorbell Enable Register 
(Read/Write) 


The EISA System Doorbell Enable register is used 
by the EISA processor to enable or disable interrupt 
requests to the EISA side. This register is read only 
from the local side. Upon reset, the EISA System 
Doorbell Enable register is reset to 0. 


EISA Address—XC8Eh 
Local Index Address—OEh 


Bit 7-O 1 = Enable doorbell interrupt for corre- 
sponding bit position 
0 = Disable doorbell interrupt for corre- 


sponding bit position 


Bits 0 through 7 act as interrupt enables for bits 0 


through 7 in the EISA System Doorbell Interrupt/ — 


Status register respectively. 
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8.1.1.3.5 System Interrupt Enable/Control Reg- 
ister (Read/Write) 


This register is used by the processor on the EISA 
side to disable the EINT signal. The EISA processor 
also can read this register to determine whether 
there are any pending interrupt requests in the EISA 
System Doorbell Interrupt/Status register. This reg- 
ister is read only from the local side. Upon reset, this 
register is reset to 0. 


EISA Address—XC89h 
Local Index Address—O9h 
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Bit 7-2 — Reserved, set to 0 
Bit1 | — (read-only bit) 
1 = Enabled interrupts are pending in 


EISA System Doorbell Interrupt/ 
Status register 


0 = No enabled interrupts are pending 
in EISA System Doorbell Interrupt/ 
Status register 


BitO — 
1 = Enable interrupts from System 
Doorbell register (EISA write) 
0 = Disable interrupts from System 
Doorbell register (EISA write) 


8.1.2 GLOBAL CONFIGURATION REGISTER 
(READ/WRITE) 


This register is used to program the type of protocol, 
edge or level-triggered, that will be used with the 
EINT and LINT interrupt signals. The Global Config- 
uration register is also used to program the preempt 
timer and provide four bits for a BMIC hardware revi- 
sion number. This register is read only from the EISA 
side. Upon reset, bits 0-3 are reset to 0. 


EISA Address—XC88h 
Local Index Address—O8h 
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Bits 7-4 (read-only) 
Hardware revision number of the 
BMIC 

Bit 3 1 = System interrupt pin (EINT) uses 
edge-triggered protocol (Active 
high) 


0 = System interrupt pin (EINT) uses 
level-triggered protocol (Active low 
open collector) 


Bit 2 1 = Local interrupt pin (LINT) is set for 
active high operation 


0 = Local interrupt pin (LINT) is set for 
active low operation 


Bits 1,0 Delay to give up bus after preempt 
00 = 3 BCLKs 
01 = 32 BCLKs 
10 = 64 BCLKs 


11 = reserved 


EISA Address—XC80h through XC83h (bytes 0-3) 
Local Index Address—Oh through 3h (bytes 0-3) 


ID Register Bytes 0-3: 


Byte 0 
Byte 1 
Byte 2 
Byte 3 


ID Register Byte 0: 


Bit 7 —_ 
Bits 6-2 MCC1<4:0> 
Bits 1,0 MCC2<4:3> 


Reserved 


ID Register Byte 1: 


Bits 7-5 MCC2<2:0> 
Bits 4-0 MCC3<4:0> 


ID Register Byte 2: 


Bits 7-4 MCC4<3:0> 
Bits 3-0 MCC5<3:0> 


ID Register Byte 3: 


Bits 7-4 MCC6<3:0> 
Bits 4-0 MCC7<3:0>_ 
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8.1.3 ID REGISTERS 


The ID register set consists of four 8-bit registers. 
These registers are programmed at initialization time 
with the product identifier for the expansion board 
which contains the BMIC. The registers are mapped 
as read-only into the EISA ID I/O address range. 
Upon reset, the ID byte 0 register will contain the 
value 0111XXXxX, which is the EISA ID delay value. 
The local processor should program byte 0 last. If 
the external ID support scheme is selected, then 
these registers are disabled. The bit definitions de- 
fined below have significance for the EISA ID proto- 
col but not for any BMIC hardware functionality. 
Upon reset, ID bytes 1-3 are not initialized to a fixed 
value. 


First character of manufacturer’s code 
First portion of second character of manufacturer’s code 


Second portion of second character of manufacturer’s code 
Third character of manufacturer’s code 


First hex digit of product number 
Second hex digit of product number 


Third hex digit of product number 
Hexadecimal digit of product revision 
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8.2 Local Processor Only Registers 


The following is a table of the Local Processor Only register group listing the number of registers, register type 
(read/write) as related to the local side, register name, and register size: 


Local Register 
Type Name 
INDEX REGISTERS 


R/W Local Index Register 
R/W Local Data Register 
R/W Local Status/Control Register 


Data Transfer Channel 0 Base Address Register 
Data Transfer Channel 1 Base Address Register 
Data Transfer Channel 0 Current Address Register 
Data Transfer Channel 1 Current Address Register 
Data Transfer Channel 0 Base Count Register 
Data Transfer Channel 1 Base Count Register 
Data Transfer Channel 0 Current Count Register 
Data Transfer Channel 1 Current Count Register 


Channel 0 Transfer Strobe Register 
_ Channel 1 Transfer Strobe Register 

Channel 0 Configuration Register 

Channel 1 Configuration Register 

Channel 0 Status Register 

Channel 1 Status Register 


PEEK/POKE REGISTER 


R/W Peek/Poke Address Register 
R/W Peek/Poke Data Register 
R/W Peek/Poke Control Register 


R/W |/O Decode Range 0 Base Address Register 
R/W |/O Decode Range 1 Base Address Register 
~ I/O Decode Range 0 Control Register 
|/O Decode Range 1 Control Register 


TBI Channel 0 Base Address Register 
TBI Channel 1 Base Address Register 
TBI Channel 0 Current Address Register 
TBI Channel 1 Current Address Register 
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8.2.1 INDEX REGISTERS 


The BMIC’s register set is accessed using the local 
Index and Local Data register set (refer to Section 
3.2.6.1). The Local Index and Local Data registers 
are mapped directly into the Local Processor inter- 
face of the BMIC. 


8.2.1.1 Local Index Register (Read/Write) 


The Local Index register contains the address of the 
BMIC register that is currently being accessed. An 
optional auto-increment mode is supported through 
this register, which automatically increments the in- 
dex register after each Local Data register read or 
write. Upon reset, the Local Index register is set to 0. 


Local Address—th 


(ei7 [ete [ens [ens [ene] x2 [en [eno 


Bit7 ‘—1 


I 


Autoincrement local index register 
after access to local data register 


0 = Do not autoincrement 


Bits 

6-0 | —Local index address 

8.2.1.2 Local Data Register (Read/Write) 

During a BMIC local register access, the value of the 
register being accessed is passed through this regis- 
ter. 


Local Address—Oh 
far? [ene] ers|ena]ora| ena] er [aro 


8.2.2 LOCAL STATUS/CONTROL REGISTER 
(READ/WRITE) 


The Local Status/Control register is directly mapped 
into the Local Processor interface and is accessible 
using the two address lines (LADS <1:0>). This reg- 
ister provides current local doorbell interrupt status, 
current Channel 0 and Channel 1 interrupt and Base 
register status, and current peek/poke cycle status. 
This register is also used by the local processor on 
the expansion board to disable and provide the cur- 
rent status of the LINT signal (active or inactive). Bit 
4 in this register is read/write and the remaining bits 
are read only. Upon reset, the Local Status/Control 
register is reset to 0. 
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Bit7—R 1 = Enabled interrupts are pending in 
Local Doorbell register 


0 = No enabled interrupts are pend- 
ing in Local Doorbell register 


Bit6—R 1 = Enabled interrupts are pending 
from channel 1 events 


0 = No enabled interrupts are pend- 
ing from channel 1 events 


Bit5—R 1 = Enabled interrupts are pending 
from channel 0 events 


0 = No enabled interrupts are pend- 
ing from channel 0 events 


Bit 4— R/W 1 = Local interrupts enabled 
0 = All local interrupts disabled 


Bit3—R 1 = Local interrupt signal (LINT) is 
currently active 


0 = LINT signal is currently inactive 


1 = Most recent peek/poke com- 
mand is still pending 


0 = Most recent peek/poke com- 
mand is complete 
Bit1—R 1 = Base register set for channel 1 is 
busy 


0 = Base register set channel 1 is 
available 


BitO—R 1 = Base register set for channel 0 is 
busy 


0 = Base register set for channel 0 is 
available 


Bit2—R 


8.2.3 DATA CHANNEL TRANSFER REGISTERS 


The Data Channel Transfer register set is used to 
control burst and standard EISA data transfers. 
Each transfer channel has a set of Base and Current 
registers, and also a Transfer Strobe, Configuration, 
and Status register. 


NOTE: 
The Base register set and the Transfer Strobe reg- 
ister must be initialized before a transfer can take 
place. They are not initialized to a fixed value upon 
reset. 
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8.2.3.1 Channel 0 and 1 Transfer Base Address 


Registers (Read/Write) 


Each Channel has an associated Base Address reg- 
ister set. The Transfer Base Address registers are 


programmed with the 32-bit starting address to be | 


used during the data transfer. After the Base regis- 
ters have been programmed, they should not be pro- 
grammed again until the contents of the Base regis- 
ters have been transferred to the Current registers. 
The Base Address registers are not initialized to a 
fixed value upon reset. 


Channel 0 Local Index Address—43h through 46h 
(bytes 0 through 3) , 

Channel 1 Local Index Address—63h through 66h 
(bytes 0 through 3) 


8.2.3.2 Channel 0 and 1 Transfer Current 
Address Registers (Read Only) 


Each Channel has an associated Current Address 
register set. The Transfer Current Address registers 
contain the real-time status of the 32-bit transfer ad- 
dress. The Current Address registers are not initial- 
ized to a fixed value upon reset. 


NOTE: 

The current register set is readable by the local 
processor. However, there are possible coherency 
problems involved with reading multiple bytes while 
the current registers are being updated during a 
transfer. To avoid these problems, a channel’s 
transfer should be temporarily suspended (using 
the channel’s Configuration Register) before trying 
to read the channel’s current register set. 


Channel 0 Local Index Address—53h through 56h 
(bytes 0 through 3) 
Channel 1 Local Index Address—73h through 76h 
(bytes 0 through 3) 


8.2.3.3 Channel 0 and 1 Transfer Base Count 
Registers (Read/Write) 


Each Channel has an associated Base Count regis- 
ter set. The Transfer Base Count registers are pro- 
grammed with the number of bytes to be transferred. 
Each Channel has 22 bits of counter space for a 
maximum transfer block size of 4 Mbytes. Bits 22 
and 23 are used for channel control. The Base 
Count registers are not initialized to a fixed value 
upon reset. 
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Channel 0 Local Address—40h through 42h (bytes 0 
through 2) 
Channel 1 Local Address—60h through 62h (bytes 0 
through 2) 


Paize [ nze | ei 16-21 | Btee-15 | Bis 0-7 


Bit 23 — R/W 1 = Start transfer as soon as 
base register set is copied 
to current register set 


O = Hold transfer after current 
register set is loaded. Wait 
for transfer suspend bit 0 to 
be reset : 


—W ~ 1= Transfer from bus master 
expansion board to EISA 
bus (EISA write) 


0 = Transfer from EISA bus to 
bus master expansion 
board (EISA read). This is 
applicable only to channel 
1 and not for channel 0, as 
channel O can_ perform 
EISA WRITE transfers only. 


Transfer byte count 


Bit 22 


Bits 0-21 — R/W 


If bit 23 in the Base Count register is not set to a 1, 
the channel suspend bit (CFGSU) in that channel’s 
corresponding configuration register is automatically 
set to a 1. The bit will be set during the Base register 
to Current register transfer. This ensures that a 
channel request for that channel is not generated. 
When the local processor resets the channel sus- 
pend bit to 0 in the corresponding Configuration reg- 
ister, a transfer request will be generated. 


NOTE: 
If the initial byte count is programmed to be ‘0’, no 
transfer request will be generated and no transfer 
will occur. 


8.2.3.4 Channel 0 and 1 Transfer Current Count 
Registers (Read Only) 


Each Channel has an associated Current Count reg- 
ister set. The Transfer Current Count registers con- 
tain the 22-bit value representing the number of 
bytes remaining to be transferred on the channel. 
This value can be from one byte to four Mbytes. Bit 
23 is reserved. Bit 22 is used to indicate the direction 
of the transfer. Upon reset, the Current Count regis- 
ters are not initialized. At the end of a transfer, this 
register contains the value of the number of bytes 
transferred during the last cycle. 
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Channel 0 Local Index Address—50h through 52h 
(bytes 0 through 2) 
Channel 1 Local Index Address—70h through 72h 
(bytes 0 through 2) 


ayTE 


Bit 23 — Reserved 


Bit 22 — 1 = Current transfer is from bus mas- 
ter expansion board to EISA bus 


O = Current transfer is from EISA bus 
to bus master expansion board 


Bits 0-21 — Current transfer byte count 


8.2.4 DATA TRANSFER STATUS/CONTROL 
REGISTERS 


8.2.4.1 Channel 0 and 1 Transfer Strobe 
Registers (Write Only) 


Each channel has an associated Transfer Channel 
Strobe register. The Strobe register is used to initiate 
the transfer of information from the Base register set 
to the Current register set. The act of writing to this 
register will initiate the Base to Current transfer. 
There are no bits to this register, the data written to 
this register is ignored and the register cannot be 
read. 


If bit 23 in the Transfer Base Count Register is set to 
a 1, the data transfer will be requested immediately. 
Otherwise, the transfer will wait until the transfer 
suspend bit CFGSU for the corresponding channel 
is reset. The transfer suspend bit is located in the 
Configuration register. 


Channel 0 Local Index Address—49h 
Channel 1 Local Index Address—69h 


8.2.4.2 Channel 0 and 1 Transfer Channel 
Configuration Registers (Read/Write) 


Each channel has an associated Transfer Configura- 
tion register. Upon reset, the Configuration registers 
are reset to 0. The Configuration register set is used 
to configure the channels as follows: 


Channel 0 Local Index Address—48h 
Channel 1 Local Index Address—68h 
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Bit7 —CFGEA 1= Enable real-time address 
transfer to transfer buffer 
logic 

0 = Disable real-time address 
transfer to transfer buffer 
logic 


Bit6 —CFGIE Reserved. This bit must always be 
written with 0. 

BitSs —CFGIT 1 = Enable interrupt on transfer 
complete 

0 = Disable interrupt on transfer 
complete 


Bit4 —CFGFF 1 = Give up ownership of EISA 
bus if a transfer interruption 
' occurs on this channel 


0 = Retain ownership of EISA 
bus if a transfer interruption 
occurs on this channel 


Bit3 — CFGBR 1 = Enable EISA burst transfer 


0 = Disable’ burst _ transfers 
(channel uses non-burst (2 
BCLKk) cycle transfers) 


Bit2 —CFGCL 1 = Clear channel 


Stop any transfers and flush 
the data FIFO 


0 = No operation 


Always returns a 0 when 
read 


‘Reserved. This bit must always be 
written with 0. 


BitO — CFGSU 1 = Temporarily suspend trans- 
fer 


0 = Allow transfer to proceed 


Bit 1 — CFGEI 


The CFGEA Bit enables the real-time address 
transfer to the transfer buffer logic. If the CFGEA bit 
is set to a 1, the transfer buffer real-time address for 
the active channel is transferred to the transfer buff- 
er logic each time that channel regains the bus and 
the start address is transferred each time the Base 
register contents are loaded into the corresponding 
Current registers. If the CFGEA bit is set to 0, the 
address load signal (TLD#) is activated only when 
the Base is loaded into the Current register (refer to 
Section 5.3). 


The CFGIE Bit is a reserved bit. Zero (0) must al- 
ways be written at this bit location. This bit can be 
ignored during register reads. 
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The CFGIT Bit enables an interrupt on transfer 
complete (EOP). 
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The CFGFF Bit controls whether EISA bus owner- 


ship is relinquished or maintained after a transfer in-: 


terruption. When a channel is interrupted for any 
reason, (1K page break, FIFO stall, channel clear, 
transfer suspend, or transfer complete), the BMIC 
may relinquish the EISA bus depending on the state 
of the CFGFF bit in the above register. The function 
of the CFGFF bit, as related to the above channel 
interruptions, is as follows: 


lf the CFGFF bit = 1, the BMIC will relinquish con- 
trol of the EISA bus upon the detection of any of the 
above interruptions. This will occur regardless if 
there are additional data transfer requests pending. 
If there are additional data transfer requests pend- 
ing, the BMIC will reassert MREQ# a minimum of 
two BCLK’s later to reacquire the EISA bus. 


lf the CFGFF bit = 0, the BMIC retains ownership of 
the EISA bus upon detection of a FIFO stall or 1K 
page break as long as a preempt timer timeout has 
not occurred. If there are additional data requests 
pending, the BMIC will immediately perform the 
pending transfer and then rearbitrate for the EISA 
bus to complete the interrupted transfer. If there are 
no additional data requests pending, the BMIC will 
relinquish ownership of the EISA bus only after the 
current transfer interruption has been serviced and 
completed. 


NOTE: 
During a FIFO pause, CFGFF is ignored. 


The CFGBR Bit defines the type of transfer cycles 
(burst or non-burst) that can be requested on the 
transfer channel. If burst cycles have been selected 
and system memory is unable to run burst cycles, 
the BMIC will default to non-burst (two BCLK) or 
mismatched cycles. 


The CFGCL Bit is used to generate a channel clear. 
A channel clear terminates the current transfer and 
flushes the associated FIFO. The FIFO is reset dur- 
ing the next Base to Current register copy. 


Before a channel is issued a clear command, the 
channel must first be suspended by writing a ‘‘1” 
into Bit O (CFGSU) of the Transfer Channel Configu- 
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ration Register. Next the Transfer Channel Status 
Register must be read. If the TSTTC (Bit 0) is set to 
a “1”, then the channel has already completed the 
transfer. The channel is then unsuspended (write a 
“0” into Bit 0 [CFGSU] of the Transfer Channel 
Configuration Register), and the TSTTC bit is then 
cleared. 


lf the TSTTC bit is a “0”, then the TSTEN bit is 
checked. If this bit is a “1”, then the channel has not 
returned to idle yet, and the Transfer Channel Status 
Register is re-polled. If the TSTEN bit is a “0”, then 
the channel has successfully returned to idle and 
can now be cleared with no errors. This is done by 
setting Bit 2 (CFGCL bit) to a “1” in the Transfer 
Channel Configuration Register. A flowchart for this 
operation is shown in the following figure. 
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TSTTC must ALWAYS be cleared when a Transfer is 
completed. 


Figure 8-1. Channel Clear Flowchart 
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lf a channel is enabled for a transfer during a Chan- 
nel clear, the BMIC will generate an end of process 
by asserting TEOP#. If the channel is not enabled 
for a transfer or the channel clear is preceded by a 
channel suspend, a TEOP# will not be generated. 
The channel clear will be active for at least two com- 
plete BCLK cycles. 


The CFGEI Bit is a reserved bit. Zero (0) must al- 
ways be written at this bit location. This bit can be 
ignored during register reads. 


The CFGSU Bit is used to temporarily suspend the 
data transfer. 


8.2.4.3 Channel 0 and 1 Transfer Channel Status 
Registers (Read/Write) 


Each channel has an associated Transfer Channel 
Status register. Bits 2 through 4 are read only and 
bits 5 through 7 are reserved. Upon reset, the Chan- 
nel Status register set is reset to ‘O”. 


Channel 0 Local Index Address—4Ah 
Channel 1 Local Index Address—6Ah 


sit7/site] ets | eta | sts | etz| Bit | sto 
9 | 0 [rstik/Asvo|rsten|tstip| rsTeT] TST 


Bit 7, 6, 5 —W 


Reserved. 0 should be writ- 
ten into these bits during 
writes. Ignore any data on 
these bits during register 
reads 


Bit 4 —R Reserved 

Bit 3 —R 1 = The transfer channel is en- 
abled for transfer (transfer 
in progress) 

O = The transfer channel is not 
enabled for transfer (trans- 
fer not in progress) 

1 = A transfer request is active 
on this channel. 


O = No transfer request is active 
on this channel. 


Bit 2 —R 
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Bit 1 — Reserved. Ignore data at this bit loca- 


tion. 
Bit O —R/W 1 = Transfer completed on this 


channel (read) 
Reset this bit (write) 


No transfer completion on 
this channel (read) 


No action (write) 


ro) 
I 


Bits (7), (6), TST1K, and (4) are reserved. Any data 
read from these bits should be ignored. 


The TSTIP and TSTEN Bits are read only and indi- 
cate whether the corresponding channel is request- 
ing a transfer or whether the channel’s transfer is 
currently in progress. 


The TSTET Bit is a reserved bit and should be ig- 
nored during all register reads. Zero (0) should al- 
ways be written at this bit location. 


The TSTTC Bit is read/write and is used to indicate 
the current end-of-process status of the transfer. If 
an EOP occurs, the BMIC will set bit (0) to a “‘1”’ and 


‘generate an interrupt to the local processor. The 


BMIC will not generate the interrupt if the CFGIT bit 
in the channel’s corresponding Transfer Configura- 
tion register is set to a ‘“O”’. 


NOTE: 
The TSTTC bit is implemented as a sticky bit. This 
bit can be reset by the local processor without af- 
fecting the status of the other bits in the register. 


8.2.5 PEEK/POKE REGISTERS 


The Peek/Poke register set consists of four 8-bit Ad- 
dress registers, four 8-bit Data registers and one 
Peek/Poke control register. The Address and Data 
registers are used to define the 32-bit address and 
data that will be used during the peek/poke cycles, 
and the Control register is used to request and de- 
fine the type of cycle that will be generated (peek, 
poke, or locked exchange). The peek/poke or 
locked exchange cycle is initiated by writing to the 
Peek/Poke control register. During Reset, the Peek/ 
Poke Address registers and the Control register are 
reset to “O”. 
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8.2.5.1 Peek/Poke Address Registers 
(Read/Write) 


The four 8-bit Peek/Poke Address registers contain 
the 32-bit peek/poke address. Only the lower 16 bits 
are used for I/O cycles. Address bits 0 and 1 are 
ignored. Upon reset, this register is reset to “‘O”’. 


Local Index Address—34h through 37h (bytes 0 
through 3) 


BYTE 3 BYTE 2 BYTE 1 BYTE 0 
Bits 24-31 | Bits 16-23 | Bits8-15 | Bits 2-7 


8.2.5.2 Peek/Poke Data Registers (Read/Write) 


The four 8-bit peek/poke data registers hold the 
data for the peek/poke cycle. Each peek/poke data 
register is associated with one byte lane. During 
peek transfers, only those peek/poke data registers 
whose corresponding byte enable bit is set in the 
peek/poke control register contain valid data. During 
poke transfers, the data must be placed in the ap- 
propriate register as determined by the correspond- 
ing byte enable bit. 


Local Index Address—30h through 33h (bytes 0 
through 3) 


BYTE 3 BYTE2 BYTE 1 BYTE 0 
Bits 24-31 | Bits 16-23 | Bits8-15 | Bits O-7 


The Shared register timings (t85, t93, t96-t98) are 
used when accessing the Peek/Poke Data registers. 


. 8.2.5.3 Peek/Poke Control Register 
(Read/Write) 


The Peek/Poke Control register is written to by the 
local processor when a peek/poke transfer is de- 
sired over the EISA bus. Upon reset, this register is 
reset to “O”. 


Local Index Address—38h 
[at7[er6[ ens] eis [era| ere] ett [eto 


Bit 7 — Reserved. Set to 0 
Bits 6,5 — 10 = Do read cycle (peek) 


82355 
Bits 6,5 —01 = Do write cycle (poke) 
11 = Do locked exchange cycle 
(peek/poke) 
00 = Do Nothing (Nop) 
Bit 4 — 1= Do memory cycle 
0 = Dol/O cycle 
Bit 3 
Bit 2 1 = Byte enable for given byte lane 
Bit 1 0 = Byte disable for given byte lane 
Bit 0 


Bits (6) and (5) are used to define the type of cycle 
requested (peek, poke or locked exchange). 


Bit (4) defines whether the cycle is memory or I/O. 


Bits (3-0) are used to define the byte enables for 
the doubleword data written to or read from the 
Peek/Poke data register. Peek/Poke cycles will not 
se generated for illegal combinations of byte en- 
ables. 


ILLEGAL COMBINATIONS OF BYTE ENABLES: 


Bits 3-0 IBE # <3:0> 
0000 1111 
0101 1010 
1001 0110 
1010 0101 
1011 0100 
1101 0010 

NOTE: 


Bits 3-0 in the above register are active high 
whereas the EISA byte enables (IBE# <3:0>) are 
active low. 


8.2.6 1/0 RANGE DECODE REGISTERS 


The |/O Decode Range register set consists of two 
1/O Decode Range Base Address registers and two 
|/O Decode Range Control Registers. The Address 
registers are used to define the address range of 
interest to the expansion board and the Control reg- 
isters are used to define the decode range size, type 
of decode (slot specific or general), and the re- 
sponse of the local I/O (32-bit EISA or 8-bit EISA). 
The |I/O decode register set controls the two 
lIOSEL# pins on the BMIC. Each pin has an associ- 
ated Address and Control register. 


1-613 


82355 


Upon reset, the |/O Decode Range registers are ini- 
tialized according to the following table: 


*Local 


Local Processor iireeinein 
Processor Not Processor 
Present 
Present 


Range | Rng0| Rng 1| Rng | Rng 1 


Control Registers | 60h 60h 20h 20h 
Address Registers | EOh | OOh 00h 00h 


*Refer to Section 7.3 for information regarding ‘‘local proc- 
essor present” or “local processor not present’. 


8.2.6.1 Range 0 and 1 1/O Decode Base Address 
Registers (Read/Write) 


Each Decode range and IOSEL# pin has an associ- 
ated |/O Decode Range Base Address register. 


Range 0 Local Index Address—39h 
Range 1 Local Index Address—3Bh 


(en? [ete [ens [en [ere] nz [eri [eno 


During general |/O decode, bits 7-0 are used to 
compare against EISA address lines LA<9:2>. Dur- 
ing slot specific decode, bits 7 and 6 are compared 
against EISA address lines LA<11:10> and bits 
5-0 are compared against EISA address lines 
LA<7:2> (refer to Section 4.8). 


8.2.6.2 Range 0 and 1 I/O Decode Control 
Registers (Read/Write) 


Each Decode range and IOSEL # pin has an associ- 
ated I/O Decode Range Control register. 


Range 0 Local Index Address—3Ah 
Range 1 Local Index Address—3Ch 


[ai7 [aie [ets] ere [ers [ere] ant [aro 


Bit 7 —1 = Respond as a 32-bit EISA |/O device 
0 = Respond as an 8-bit EISA I/O device 
Bit 6 — 1 Slot Specific |/O Decode 


0 = General I/O Decode 


IOSEL# held during CMD# active 
lIOSEL# follows I/O address changes 


Bit4 | 1 = Do not compare I/O Range Base Ad- 
Bit 3 dress Register and corresponding 
EISA address bit (Mask) 


Bit2 | 0 = Compare I/O Range Base Address 


Bit 1 Register with corresponding EISA ad- 
Bit O dress bit 
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Refer to Section 4.8 for a complete description of 


the |/O Decode Range Control registers and the 
BMIC decode function in general. 


8.2.7 TRANSFER BUFFER INTERFACE (TBI) 
REGISTERS (READ/WRITE) 


The TBI registers are programmed to provide the 16- 
bit start address of the data transfer for use by the 
transfer buffer logic (refer to Section 5.3). Each 
transfer channel has a corresponding TBI Base and 
Current Address register set. The contents of the 
TBI Base Address registers are transferred to the 
TBI Current Address registers during a write to the 
channel’s corresponding Transfer Channel Strobe 
Register. 


8.2.7.1 Channel 0 and 1 TBI Base Address 
Registers (Read/Write) 


The BMIC provides two 8-bit TBI Base Address reg- 
isters per channel. The registers are programmed 
with the 16-bit start address of the data in the Trans- 
fer Buffer memory space. The TBI Base Address 
register set is not initialized to a fixed value upon 
reset. 


Channel 0 Local Index Address—4Bh and 4Ch (byte 


0 and 1) 
Channel 1 Local Index Address—6Bh and 6Ch (byte 


0 and 1) 


8.2.7.2 Channel 0 and 1 TBI Current Address 
Registers (Read Only) 


Byte 1 


_ The BMIC provides two 8-bit TBI Current Address 


registers per channel. The TBI Current Address reg- 
isters contain the 16-bit real-time address of the 
data transfer. The contents of the Current register 
set are transferred to the external buffer logic at the 
beginning of every new data block transfer. The 
BMIC may also be programmed to transfer the con- 
tents of the Current Address register each time the 
corresponding channel regains control of the bus 
(refer to Section 5.3). The TBI Current Address reg- 
ister set is reset to ‘‘O’”’ upon device reset. 
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Channel 0 Local Index Address—58h and 59h (byte : NOTE: 

0 and 1) The TBI current registers contain real-time status 


Channel 1 Local Index Address—78h and 79h (byte and may change at anytime. If a stable value is 


0 and 1) 


needed while reading a set of these registers, the 
channel should be temporarily suspended by set- 


Byte 4 ting the CFGSU bit in the Channel Configuration 
nee register to a “1” before these registers are read. 


9.0 DETAILED PIN DESCRIPTION 


9.1 EISA Interface Signals 


START # 


M/IO 


EXRDY 


EX32# 


Description 


I/O TRI-STATED (EISA CYCLE START STROBE) 

The START # signal provides timing control at the start of a cycle. During EISA master 
mode, the BMIC drives this signal low after LA<31:2> and M/IO become valid and negates 
START # on the rising edge of BCLK after one BCLK cycle time. During EISA slave mode, 
the BMIC uses this signal to indicate the start of a slave bus cycle. It is sampled on the rising 
edge of BCLK. Upon reset, this pin is tri-stated and placed in input mode. 


INPUT (EISA COMMAND STROBE) 

The CMD # provides timing control within the cycle. The 82358 Bus Controller asserts 
CMD # on the rising edge of BCLK, simultaneously with the negation of START #. CMD # is 
held low until the end of the cycle. The BMIC uses CMD # in EISA slave mode for timing 
control during internal Shared register read/write accesses. 


I/O TRI-STATED (EISA MEMORY/IO CYCLE STATUS PIN) 

M/IO is used to indicate that the type of cycle in progress is a memory cycle (high) or I/O 
cycle (low). M/IO is pipelined from one cycle to the next and must be latched by the 
addressed memory slave if needed for the whole cycle. During EISA master mode, the 
BMIC drives this signal. The BMIC will drive this pin high during burst and non-burst (two 
BCLK) cycles. The value of M/IO in a Peek/Poke or locked exchange cycle depends on the 
programmed value of bit 4 in the Peek/Poke Control register. During EISA slave mode, the 
M/IO pin is an input. As a slave, the BMIC will respond only as an I/O device. Upon reset, 
this pin is tri-stated and placed in input mode. 


I/O TRI-STATED (EISA WRITE/READ CYCLE STATUS PIN) 

The W/R status signal identifies the cycle as a write (high) or read (low). W/R is pipelined 
from one cycle to the next and must be latched by the addressed memory slave if needed 
for the whole cycle. During EISA master mode, the BMIC drives this signal. During EISA 
slave mode, this pin is an input. Upon reset, W/R is tri-stated and placed in input mode. 


I/O OPENCOLLECTOR (EISA READY SIGNAL) - 

EXRDY is used by EISA I/O and memory slaves to request wait states during a cycle. Each 
wait state is one BCLK period. During EISA master mode, the BMIC first samples this signal 
on the falling edge of BCLK after CMD # is asserted. If it is low, the BMIC will insert a wait 
state, and continue inserting wait states as long as EXRDY is low at each successive falling 
edge of BCLK. During EISA slave mode, the BMIC drives EXRDY inactive until it is ready to 
complete cycles addressed to it. The EXRDY pin is an open collector output. 


I/O OPENCOLLECTOR  (EISA 32-BIT SLAVE RESPONSE PIN) 

EX32# is an open collector and is used by memory or I/O slaves to indicate their support of 
32-bit transfers. During EISA master mode, the BMIC samples EX32# on the same rising 
edge of BCLK that START # is deasserted. The BMIC uses this pin to determine if the 
addressed slave is capable of 32-bit transfers. During peek/poke and non-burst EISA data 
transfers, the BMIC is a 32-bit master only and will allow the 82358 Bus Controller to do all 
necessary bus conversions. During EISA slave mode, the BMIC drives EX32 # low if it has 
32-bit data to send to the EISA bus, otherwise this signal is inactive. 
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9.1 EISA Interface Signals (Continued) 


| PinName — Description 


MASTER16# | OUTPUT OPENCOLLECTOR (EISA 16-BIT MASTER CONTROL) 


In master mode, the BMIC will assert MASTER16# (at the same time as START #) for one 


BCLK period when it is capable of downshifting from a 32-bit master to a 16-bit master. The 
BMIC will downshift if necessary during memory burst transfers only. The BMIC will 
automatically downshift from a 32- to 16-bit master if the EX32# signal is sampled inactive 
and the SLBURST # signal is sampled active. MASTER16# has no function in slave mode. 
INPUT (EISA ADDRESS ENABLE SIGNAL) 

The BMIC uses AEN when in EISA slave mode to qualify |/O addresses. When te te 
(low), the BMIC uses AEN to decode possible accesses to its general and slot specific |1/O 

MSBURST # 

SLBURST # 

LOCK # 

MREQ# 
asserted immediately after receiving a transfer request, assuming that a slave cycle is not 
currently in progress. Upon reset, this pin is driven inactive high. 

MAK # INPUT (EISA MASTER BUS ACKNOWLEDGE SIGNAL) 
The MAK # signal is asserted by the 82357 (ISP) to grant EISA bus access to the BMIC. The 
BMIC samples MAK # on the falling edge of BCLK and will begin driving the bus with the 
address and control signals on the falling edge of BCLK, two BCLKs after MAK # is sampled 

EINT 

BCLK 


space. When asserted (high), the address on the EISA bus will be ignored by the BMIC. 
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AEN is sampled on the falling edge of CMD #. This signal is not used in master mode. 


OUTPUT TRI-STATED (EISA MASTER BURST SIGNAL) 
The BMIC asserts MSBURST # to indicate to the addressed memory slave that the BMIC 
will provide burst cycles. If the BMIC samples SLBURST # active on the rising edge of BCLK 
after START # is asserted, the BMIC will activate MSBURST # on the next BCLK falling 
edge and will proceed with burst cycles. If the BMIC samples SLBURST negated, 
MSBURST # will not be activated and the BMIC will proceed with either non-burst (two 
BCLKk) or mismatched cycles, depending on the size of the slave device addressed. This 
signal is not used in slave mode. Upon reset, this pin is tri-stated. 


INPUT (EISA SLAVE BURST SIGNAL) 
The BMIC uses this signal in master mode to determine if the addresed slave memory is 
capable of supporting burst transfers. If the BMIC samples SLBURST # active on the rising 
edge of BCLK after START # is asserted, the BMIC will proceed with burst cycles. If the 
BMIC samples SLBURST # negated, either non-burst (two BCLK) or mismatched cycles will 
be generated. 


OUTPUT TRI-STATED (EISA RESOURCE LOCK SIGNAL) 


The BMIC asserts this signal to guarantee exclusive memory and 1/O access during locked 
peek/poke exchange. Upon reset, this pin is tri-stated. 


OUTPUT (EISA MASTER BUS REQUEST SIGNAL) 
MREQ # is asserted by the BMIC to request EISA bus access. The BMIC will begin driving 
the bus with the address and control signals on the falling edge of BCLK, two BCLKs after 
MAK # is sampled active. During an EISA write transfer, MREQ# will not be asserted until 
the FIFO on the selected channel is full. During an EISA read transfer, MREQ# will be 


active. The MAK # signal may be negated by the ISP to indicate to the BMIC that another 
device requires EISA bus access. The BMIC will negate MREQ # to release the bus within 
64 BCLKs (8 pus) of sampling MAK # negated. 


OUTPUT OPEN COLLECTOR (EISA INTERRUPT REQUEST SIGNAL) 
The EINT line is used by the BMIC to interrupt the system CPU or EISA bus master to 
request service. EINT can be programmed for either edge or level-triggered operations and 
is an open collector output in level-triggered mode. Upon reset, EINT is placed in level- 
triggered mode and floating. 


INPUT (EISA BUS CLOCk) 
This clock signal is used by the BMIC to synchronize the EISA control signals and data 
transfers to the system clock. BCLK typically runs at a frequency of 8.33 MHz with a normal 
duty cycle of 50%. The BCLK period is sometimes extended by the 82358 (EBC) by up to 

one BCLK period for synchronization purposes. 
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9.1 EISA Interface Signals (Continued) 


IDAT <31:0> 


IADS <11:10> 


IADS <9:2> 


IBE<3:0> # 


Description 


INPUT (EISA RESET SIGNAL) 

This signal is used by the BMIC to initialize all of its internal registers and state machines to 
a known state. This signal is asynchronous with respect to BCLK. To reset the BMIC 
properly, the RESET signal must be active for eight BCLK periods. 


I/O TRI-STATED (EISA DATA LINES/UPPER 22 ADDRESS LINES) 

These data signals interface to the EISA bus through external, 74F245 bi-directional TTL 
buffers. The upper 22 data lines are also multiplexed to function as the upper 22 EISA 
address lines. The 22 upper address signals are latched into external 74F573 TTL latches 
during transfers as necessary by the BMIC. Both the external data buffers and the address 
latches are controlled by the BMIC during all slave and master mode data transfers. Upon 
reset, these pins are tri-stated. 


(INPUT) (EISA ADDRESS INPUT LINES) 

These two address lines are input only and are only used during slave mode. They are used 
along with IADS <9:2> and EISA byte enables IBE<3:0> # for |/O address decoding. The 
corresponding EISA output address lines LA<11:10> are part of the upper 22 address 
lines that are multiplexed and sent out through the upper 22 data lines. 


I/O TRI-STATED (EISA LOWER ADDRESS LINES) 

These eight address lines are part of the lower EISA address lines and are connected 
directly to the EISA bus. When the BMIC is a master, it drives these lines directly to the EISA 
bus. The upper 22 addresses are latched from the data bus. IADS<9:2> are pipelined from 
one cycle to the next and should be latched by the addressed slave if required for the whole 
cycle. : ) 

When the BMIC is a slave, it monitors these lines along with EISA address lines 

IADS <11:10> and EISA byte enables IBE<3:0> # for |/O address decoding. Upon reset, 
these pins are tri-stated and placed in input mode. 

The following address lines are used during I/O decoding as shown: 

Slot specific |/O address decoding (expansion board) —IADS < 11:2> 

Slot specific |/O address decoding (shared registers)—IADS < 11:2>/IBE<3:0> # 

General I/O address decoding (expansion board)—IADS < 9:2 > 


I/O TRI-STATED (EISA BYTE ENABLES) 

IBE# <3:0> are the byte enables of the EISA bus and identify the specific bytes that are 
active during the current EISA bus cycle. During EISA master mode, the BMIC drives these 
signals. IBE # <3:0> are pipelined from one cycle to the next and should be latched by the 
addressed slave if required for the whole cycle. 

During EISA slave mode, the byte enables are inputs and are used along with EISA address 
lines IADS <11:2> for internal shared register decoding. Upon reset, these pins are 
tri-stated and placed in input mode. 
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9.2 EISA Buffer Control Signals 


ake ee De Se 


UALOE # OUTPUT (EISA UPPER ADDRESS LATCH STROBE AND OUTPUT ENABLE) 

The UALOE # signal is used by the BMIC to control the external latching of the upper 22 
address lines LA<31:10>. UALOE # is designed to be connected to the latch enables and 
output enables of the 74F573 external address latches. The BMIC updates the external 
address latches at the beginning of all master mode transfers. The desired address value is 
placed on the IDAT <31:10> lines and latched by the external latches on the falling edge of 
UALOE # at the beginning of the transfer. 

During EISA master mode to enable the EISA address lines <31:10>, the BMIC drives 
UALOE # low on the rising edge of BCLK, one BCLK prior to the falling edge of START #. 
UALOE # will remain active until the end of the cycle. During slave mode, the BMIC holds 
UALOE # high to disable the latches. For additional information with regards to the timing 
for this signal, refer to the A.C. timing and Basic Function timing sections. Upon reset, this 
pin is driven inactive high. 


OUTPUT (EISA DATA DIRECTION SIGNAL) 
The IDDIR signal is used by the BMIC to control the direction of the external 74F245 data 
buffers. During data transfers from the BMIC to the EISA bus, this signal will be driven low. 
During data transfers from the EISA bus to the BMIC, this signal will be driven high. For 
additional information regarding the timing for this signal, refer to the A.C. timing and Basic 
Function timing sections (master and slave). Upon reset, this pin is driven high. 


OUTPUT (EISA DATA BYTE LANE BUFFER ENABLES) 
The IDOE # signals are used by the BMIC to control the output enables on the external 
74F245 data buffers. The IDOE # signals will be driven so that the data buffers are enabled 
at the appropriate times during master and slave transfers. For additional information with 
regards to the timing for these signals, refer to the A.C. timing and Basic Function timing 
sections. Upon reset, these signals are driven inactive high. 


IDOE23 # 
IDOE1 # 
IDOEO # 


9.3 Address Decode Signals 


ee te pepe ee) 


IOSEL# <1:0>}OUTPUT (ADDRESS RANGE DECODE OUTPUTS) 
The IOSEL# signals are used by the BMIC to enable external logic on the expansion board 


during slot specific and general purpose I/O decode. These pins become active when the 
LA<11:2> address lines on the EISA bus contain a value mapped into one of the two 
possible |/O address decode ranges provided by the BMIC (refer to Section 4.8). Upon 
reset, these pins are driven inactive high. 
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9.4 Transfer Buffer Interface Signals 


ee 


TACK # 


ae 


TDIR 
TCHAN 


TDAT <15:0> 


TDOE # 
TEOP# 
TCLK 


) 1-619 


Description 


OUTPUT (LOCAL DATA TRANSFER REQUEST SIGNAL) 
When a data transfer is desired over the Transfer Buffer interface, TRQ # is driven low, 
indicating to the transfer buffer logic that a transfer is following. TRQ# will remain active 
until the data transfer is completed or a transfer interruption occurs. Upon reset, this pin is 
driven inactive high. 


INPUT (LOCAL DATA TRANSFER ACKNOWLEDGE SIGNAL) 
External logic uses this signal to acknowledge the transfer of a data item (16-bit word) over 
the Transfer Buffer interface. 


OUTPUT (LOCAL ADDRESS COUNTER LOAD SIGNAL) 
This signal when asserted (low) is used to load the transfer start address and the transfer 
real-time address into an external address counter as required for data transfers (refer to 
Section 5.3). TLD# is asserted at the beginning of all new channel accesses to the transfer 
buffer logic and will remain asserted until acknowledged by TACK #. Upon reset, this pin is 
driven inactive high. 


OUTPUT (DATA TRANSFER DIRECTION SIGNAL) 
This signal is used to inform the transfer buffer logic as to the direction of the current data 
transfer. When driven (high) data will be transferred from the EISA bus to the expansion 
board. When driven (low) data will be transferred from the expansion board to the EISA bus. 
TDIR will be held valid whenever TLD # and TRQ# are active. TDIR will not change states 
when TRQ # is active. Upon reset, this pin is driven high. 


OUTPUT (TRANSFER CHANNEL SELECT SIGNAL) 
This signal is used by the BMIC to inform the transfer buffer logic as to which channel will be 
active during the transfer. When driven (low) transfer channel 0 is active and when driven 
(high) transfer channel 1 is active. TCHAN has the same timings as TDIR and will not 
change states when TLD# or TRQ# are active. Upon reset, this pin is driven low. 


I/O TRI-STATED (TRANSFER DATA LINES) 
This bidirectional bus is the BMIC’s Transfer Buffer interface data bus. It is used during data 
transfers between the external transfer buffer logic and the BMIC. The data transferred 
across the TDAT bus is word aligned. The data lines are also used to transport the transfer 
address to the transfer buffer logic on the expansion board (refer to Section 5.3). The TDAT 
bus can be unconditionally disabled by driving the TDOE # signal high. NOTE: During EISA 
write data transfers, the TDAT lines are inputs and operate independent of the value of 
TDOE #. Upon reset, the TDAT bus is tri-stated. 


INPUT (TRANSFER INTERFACE DATA OUTPUT ENABLE) 
When driven high, this pin can be used by external logic to unconditionally disable the BMIC 
from driving the TDAT <15:0> lines. This feature eliminates the need for the BMIC to gain 
prior permission to drive the TDAT bus and also allows external logic the ability to time- 
share the TDAT bus. 


OUTPUT OPENCOLLECTOR (TRANSFER END-OF-PROCESS SIGNAL) 
This signal is an open collector signal that indicates the end of a transfer to the external 

transfer buffer logic. TEOP # is driven low by the BMIC to indicate the end of transfer. The 
TEOP # pin requires an external 2.5K to 3.2K pullup resistor for proper operation. 


INPUT (TRANSFER CLOCk) 
All transfer control signals are synchronous to this clock. The frequency should be in the 
range of 16 MHz to 20 MHz to maintain a 33 Mbyte/sec burst transfer rate over the EISA 
bus. This clock may be completely asynchronous to the EISA BCLK signal. 
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9.5 Local Processor Interface Signals 


1/O TRI-STATED (LOCAL PROCESSOR INTERFACE DATA BUS) 

This bidirectional bus is used to transfer commands and status between the BMIC and the 
local processor on the expansion board. If a local Processor is not present, this bus will 
need to be connected to the ISA bus (refer to Section 7.3). Upon reset these pins are tri- 
stated. 


INPUT (LOCAL PROCESSOR INTERFACE READ STROBE) 
The local processor asserts LRD # to indicate to the BMIC that it should drive its data onto 
the LDAT bus. LRD# is asserted for register access to the BMIC’s Local Processor 

interface. The LADS lines and the LCS# signal must be valid 10 ns before the falling edge 
of LRD# and remain valid until LRD # is deasserted. 


INPUT (LOCAL PROCESSOR INTERFACE STROBE) 
The local processor asserts LWR # to indicate to the BMIC that it may latch data from the 
LDAT bus. LWR # is asserted for write accesses to the BMIC’s Local Processor interface. 
The LADS lines and the LCS signal must be valid 10 ns before the falling edge of LWR # 

and remain valid until LWR # is deasserted. 


INPUT (LOCAL PROCESSOR INTERFACE CHIP) 
A (low) on this pin enables LWR# and LRD# communication between the BMIC and the 
local processor on the expansion board. The LRD# and LWR# signals are ignored unless 
the LCS# signal is active. LCS # must be asserted 10 ns before LRD# and LWR# and 
remain active until the inactive edge of LRD# and LWR#. 


INPUT (LOCAL PROCESSOR ADDRESS SELECT) 
These address lines are used by the local processor to select the Local Data, Local Index, 
and Local Status/Control registers. The BMIC uses these registers as part of an indexing 
scheme to access all of its internal registers (refer to Sections 3.2.6.1 and 8.2.1). 

LADS1 LADSO | 


LDAT <7:0> 


LADS <1:0> 


0 0 = Local Data register 

0 1 = Local Index register 

1 0 = Local Status/Control register 
1 1 = Reserved 


OUTPUT (LOCAL PROCESSOR INTERRUPT SIGNAL) 
This signal informs the local processor that an event has occurred which requires the local 
processor’s attention. This pin can be programmed for either active high or active low level 
operations. After being asserted, LINT will not return to an inactive state until the interrupt 
has been serviced. The LINT signal is not an open collector output during active low 
operations and will require external logic if interrupts need to be tied together on the local 
side. Upon reset, this pin is driven high and placed in active low level mode. 


I/O (LOCAL PROCESSOR READY) 
This signal is the acknowledgement from the BMIC to the local processor that it is finished 
with the current Shared register access cycle. The LRDY pin is also used by external logic 
to indicate to the BMIC that a local processor is not present. If a local processor is not 
present, the LRDY signal must be driven low during reset (refer to Section 7.3). 

If a local processor is present, a weak pullup resistor must be connected to the LRDY 
output to insure that LRDY is high during the time reset is active. 


9.6 Power Supplies 


Vcc — 11 Power pins 
Vss — 13 Ground pins 
Total number of power supply pins: 24 
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10.0 BASIC FUNCTION TIMING DIAGRAMS 


EISA INTERFACE SIGNALS 

BCLK 

MREQ# 

MAK# 

START# 

CMD# 

M/10, W/R 

EXRDY 

EX32# 

MASTER16# 

MSBURST# 

SLBURST# Sn Re ee ea pra cee ge i cael ia ah celal melita ey gt ae eee ee ee 
IBE<3:0># A EY) | | CREE STREETS TKR LEE | 1h | ES A Sa ee ES ESET) YY Y | 

IADS<9:2> mans MAAKARAE , nigstimeMomenss at TOT TO eS see Aenmtncalfieeensigemtans OO 1017 10 cee Re 

UALOE#. eg a tt eh ye” lacie clematis alin alienate tain eioiatkna: "=f. ef Be ee 
UE SE |} ee TR ET NES: MN ACN RH CR A ECS LED LN NT ART aT RN TR SR 
IDOEs# inemarensincenntibomeses, 1) | attuenmaroag aaah memieemaonmgemoEaRGeED CO lebanese mipapapemarm pirate hatioaeian Y 1 \iicmernediaeemest 
IDDIR Se ee eRe ee eget a RL ee ee ee EE ne Eee ee tee ee oe ee ae 


TRANSFER INTERFACE SIGNALS 

TCLK ge eS eS i ee ee Oe a EO EE ee Ee ee ER ee ee Ee ee 
TDAT<15:0> es 0.070101 10 107010 

TRUER FORA eee ee ee eee eee 
TLD# 

TRQ# 

TACK# 

TDOE# 

TEOP# 


———— 11400 11700 12000 12300 12600 12900 13200 13500 13800 14100 
290255-31 


Figure 10-1. 32-Bit Burst Cycle (EISA Read) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS 

BCLK 

MREQ# 

MAK# 

START# eg ene ee ee ee eee ne So 

CMD¥ 

M/I0, W/R 

EXRDY 

EX32# 

MASTER 1 6# SUR HSCS EC CSAC SCR 

MSBURST# CE ER ELE CS 

SLBURST# —<—<——j wl, 

IBE<3:0># Se ex iain : aecctoneh 0000 SS xxx = 
IADS<9:2> Sen Oem pene a ost lantolabe om si 01 0 pi 1 beh nao XXXXXXXX 
UALOE# : ene 
IDAT<31:0> set XXKKXXAKKKXKN KKK KKK KKK 
IDOEs# ee || font oes 000 IE 1 
TRANSFER BUFFER INTERFACE SIGNALS - 

TCLK 

TDAT<15:0> 0000000000000000: 

TLD¥ 

TRQ# 

TACK# 

TDOE¥ 

TEOP# 


CS 11300 «#8611700 12100 12500 12900 13300 13700 14100 14500 14900 15300 ns 
290255-32 


Figure 10-2. 32-Bit Burst Cycle (EISA Write) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS 

BCLK 

MREQ# 

MAK# 

START# : —— ree oe ° Se ee Se ee ny 
CMD# 

M/10, W/R 

EXRDY 

EX32# 

MASTER16# 
MSBURST# 
SLBURST# ae sae ——— mn 
IBE<3:0># AXA Ne OU00 tees OO OO nA OO b 1 OO 1 ees MAAN cccetetnemtaeneah 
IADS<9:2> SC XXXXXXXX DEE 01101040 5-X01101011 KE 071.04 1012060 1:701 1 1009-10114 0 RE Se 
UALOE# i a aa na (Cae rae ee gn Oe ee ee Oe ee ee ee Ee NS eo ee a oe ae 
IDAT<31:0> 
IDOEs# fo arene | i eee ee a eee SES | tl) 0 EE ee ar earns 
IDDIR ce eae eel. Ft ee ke EL ee fay gee ae ee, 4 ES Ce ee BA Pe te one ae te Sey ae ke eo 


TRANSFER INTERFACE SIGNALS 

TCLK 

TOAT<15:00 SS O101010110101010 

TDIR, TCHAN ne ——— ee 

TLD# 

TRQ# 

TACK# 

TDOE# bi eg © eh ts we wore Se its bl an eR ee “a8 , —_——_ Se Soe ee ee Pe 


a S—~«a'1700~=«=32+ST 210M =612800 § «=6©612900 13300 13700° 14100 14500. 14900 15300 15700 16100 - ns 
290255-33 


Figure 10-3. 16-Bit Burst Cycle (EISA Read) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS 

BCLK 

MREQ# 

MAK# 

START# WEDS EE. EE SES ERRRE EERE BER 

CMD# 

M/I0, W/R 

EXRDY 

EX32# 

MASTER16# 

MSBURST# 

SLBURST# 

IBE<3:0> 

IADS<9:2> 

UALOE# 

IDAT<31:0> 

IDOEs# Se eeeeereaeeemrete bg eo 
IDDIR = 


TRANSFER INTERFACE SIGNALS 
TCLK 

TDAT<15:0> === 

TDIR, TCHAN 210 

TLD¥ = 

TRO# 

TACK# 

TDOE# 

TEOP# 


Cc——mp)«=8 11200 11700 12200 12700 13200 13700 14200 14700 15200 15700 16200 16700 
290255-34 


Figure 10-4. 16-Bit Burst Cycle (EISA Write) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS : a Tn. er ay i re cee Cee ee 
BCLK ars LS Les ee er ae EPS ra LT ei a Le 
MAK# 

START# OE Ch ELE : : . : 5 . ——a 3 . ° : SENET hE TS 
CMD# aa 

M/IO, W/R Leecrenia! TUM. cahace’ a a a a a ee ee eS 
EXRDY er ee ee ee ee eee ee ee eS ee ee ee 
EX32# Ee a a Na a a i etal ng Re hee 
MASTER16# 
MSBURST# 
SLBURST# ag. ee .< 
IBE<3:0># Frarekiesce Me MTiDA sgeticlectiegy Diecttiestd th Secentiignseteslidepataresclahatacenieenciegateliien 42 10 Wt taailiedigsinasadacaiamtactsenideietng ane taghelciag ene atecianeanguiainta PON okie ccetiat cits 
IADS<9:2> ™ XXXXXXXX 2CO11010112K01101100X 01101101K01101110X— 011011 1 12011 10000K a XXXXXXXX SEE 
UALOE# 5 ee : — —_— ee 
IDAT<31:0> 
IDOEs# ae rm oely FO AR CS NS A A aR Teer | [0] eee SANS RSL MEN SCN, SAE HRT =o 
IDDIR : — Sa 


TRANSFER INTERFACE SIGNALS 

TCLK 

TDAT<15:0> == cto CIGTOIOTIOIOINIO[ 
TDIR, TCHAN A SE a A SARIS. 
TLD# ase 

TRQ# 

TACK# 

TDOE# 

TEOP# 


a as | 11800 12200 12600 13000 13400 13800 14200 14600 15000 15400 15800 ns 
290255-35 


Figure 10-5. 32-Bit Non-Burst Cycle (EISA Read) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS 
BCLK 

MREQ# 

MAK# 

START# EAA CAAA LEAR CAAA CL LCA a fae) ee gan MR eer ay ME erg EE oar XY RRTATATRURS 
CMD# 

M/I0, W/R 

EXRDY 

EX32# 

MASTER1 64 

MSBURST# 

SLBURST# 

IBE<3:0># 

IADS<9:2> 

UALOE# 

IDAT<31:0> 

IDOEs# 

IDDIR 


TRANSFER INTERFACE SIGNALS 
TCLK 

TDAT<15:0> = 

TDIR, TCHAN 21 

TLD¥ 

TROF 

TACK# 

TDOE¥ 

TEOP# 


C———mg «2111700 #12200 12700 13200 13700 14200 14700 15200 15700 16200 16700 


290255-36 


Figure 10-6. 32-Bit Non-Burst Cycle (EISA Write) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


EISA INTERFACE SIGNALS 

BCLK 

MREQ# 

MAK# 

START# 

CMD# 

WOW So ee ek ey 
EXRDY << as ea SS Pe oP ene sak ME t ¢ ee aig Ae Eh  . Ue kk eee ee ke eS ee ee ee ec ae ee eee oe am ee ee 
EX32# Or a a OR one es 9 aoc Oh eee 
MASTER16# 
Wes? . SS ee ee ee eee 
SLBURST# SS SE RS LE Se Sa ee eT ee ee eee ee ee ee ee ee LN Ee ee ee a ee a ea a ee 
eso Se re ee oo 
IADS<9:2> — XXXXXXXX =X O61 10101 19901101 100 SDE. 01 1011 01S 01 10-4 § 105560110111 Ic 01110000 

UALOE# 


Se pei agile aaa atti etnias annie nninitinimininiitntimniniinmimel = °° Ck 
CT a i a i a A A OL. eS 
IDOEs# Seen d Yl ccertetaeigiied hetoctatineeeecenienteciiniegeaietine eeeinaiaciaaimeneiasanteamrenpeeemes (1 tO caatteniantaniainan oenienianenianhesinianiedovniaianiongssdaniacnaDemiatieiadiien 1:1 temas 
IDDIR a A a a a Se ee 


TRANSFER INTERFACE SIGNALS 
TCLK AE 
TDAT<15:0> SS 91010 101 10 10 10 1 carrer Neen MMM eamesenientn 


TOOT, TORU: Serratia cect ckenteeces eter eacicinetmtocentncteeereelnetiglecslenipeanttonspetiomieninndienipioniecieas.  t ackesdeaierestensiaalltia ising etiooeepssteesiesttmslanlsaceg ituhtisssslanies husiantesaiehiacisliataacomianieeal 


TLD# 
TROQ# 
TACK# 
TDOE# 
TEOP# 


——ae 11200 11900 12600 13300 14000 14700 15400 16100 16800 17500 18200 18900 ns 
290255-37 


Figure 10-7. Mismatched Cycle (EISA Read) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


MSBURST# 
SLBURST# 
IBE<3:0># 
IADS<9:2> 
UALOE# 
IDAT<31:0> 


TRANSFER INTERFACE SIGNALS 
TCLK PANIIT 
TDAT<15:0> == 

TDIR, TCHAN 

TLD¥ 

TROF 

TACK# 

TDOE# 

TEOP# 


Cm )=—s «11400 12300 13200 14100 15000 15900 16800 17700 18600 19500 20400 21300 22200ns 
: 290255-38 


Figure 10-8. Mismatched Cycle (EISA Write) 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


BCLK 

MREQ# 

MAK# 

START# 
CMD# 

M/l0, W/R 


EXRDY 


EX32# 


GU SN INNS vt ee et” IN SSS 


SLBURST# 
IBE<3:0># é XXXX ae | Re ~__XXXX_: 
IADS<9:2> XXXXXXKX ee esi WOOTOTIEL e—- XXXXXXXX 


UALOE# 


rere errr, 
IDAT<31:0> XXXXHX XXX XH HXAXXXXHXXAXAXAK - 1111111 100000000000000XXXXXXXXXX x - 0000000000000000000000000000 


IDOEs# 


IDDIR 
Cee |ClU 80700 80900 81100 81300 81500 81700 81900 82100 82300 ns 
290255-39 


Figure 10-9. I/O Peek Cycle 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


BCLK 
MREQ# 
MAK# 
START# WS SO OSS SS 
CMD# 


M/l0, W/R 


EXRDY 
EX32# 

MSBURST# 
SLSR ea ee ee ee ee ee 
IBE<3:0>4 
IADS<9:2> es XXXXXXXX 
UALOE# 


IDAT<31:0> XXXII IIIS 
IDOEs# PEER eae 2S ae ee 111_- 


. . . . . . 
. . . . 


IDDIR 


Ria enstastmipameel 11500 11700 11900 12100 12300 12500 12700 12900 13100 13300 ns 
290255-40 


Figure 10-10. 1/O Poke Cycle 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


BCLK 


MREQ# 


MAK# 

START# 

CMD# 

LOCK# MAR eV a ED ESE I Fe CAAA ASAT 

M/I0 SOAS ECO a a A es a 

W/R SARS AARON ee ae oe eee Le 

EXRDY 

EX32# 

MSBURST# ee Se aa a ee RS NS, 

SLBURST# 

IBE<3:0># 

|ADS<9:2> 

UALOE# 

IDAT<31:0> 

IDOES# 

IDDIR 

cme) 11400-11700 | «12000 «12300 | «12600 «12900 «13200 «13500 «13800 +|=«14100 ~—«:14400ns 
290255-41 


Figure 10-11. Locked Exchange Cycle 
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10.0 BASIC FUNCTION TIMING DIAGRAMS (Continued) 


BCLK 
START# 
CMD# 
M/10 
w/R 
EXRDY 
EX32# 
AEN 
IBEO# 
IBE1 # 
IBE2# 
IBE3¥ 


IADS<11:2> “O00000000¢ - - X -0000000000X__- -X- - ooooo0d000 =X - -X ~~ ~_0000000000 
UALOE# 

IDAT<31:0> ESE ee GOES ORE EEE SPOR eae ee OE 

IDOEO# 


IDOE1 # 

IDOE234 

IDDIR 

cr «=—i12900/-S—s«13200/~2S—«13500.~Ss—«~13800.=S=—«<‘K00—Ss”—<CS«~ KK—s—=—«—iKT—s—S=s=«=idSOD«s—S*«~SSSB!OSsons 
290255-42 


Figure 10-12. Slave Access to BMIC 
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11.0 D.C. SPECIFICATIONS 


11.1 Maximum Ratings* 


Case Temperature under Bias . .. —65°C to + 110°C 
Storage Temperature .......... — 65°C to + 150°C 
Supply Voltages with 

Respect to Ground............ —~0.5V to +6.5V 
Voltage on Any Pin.......... —0.5V to Voc + 0.5V 


11.2 D.C. Characteristics Table 


*WARNING: Stressing the device beyond the “‘Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions”’ 
may affect device reliability. 


Tcase = 0°C to 70°C, Voc = 5V +5%, TamBient = O°C to 55°C 


Input Low Voltage 


Input High Voltage 


CLOCK Input Low 


Output Low Voltage 
Output High Voltage 
Output Low Voltage 


Output Low Voltage 


Output High Voltage 


Input Leakage 
Output Leakage 


Capacitance Output or I/O 


BCLK or TCLK 
Voc Supply Current 


TRQ#, TLD#, and TDAT <15:0> 
Vot2 = MREQ#, EINT, and LINT 


CLOCK inputtigh | 20 | Voot05_ 


Output High Voltage 2 
OuiputLowVotage | —SS«dYCSC 
OuiputHigh Voltage | Voo-04 | 


Limits 


Test 
Conditions 
lo. = 2.5mA 
lon = —2.5 MA 


SIS 
aE 


@ 1 MHz(2) 


LA 
pA 
pF 
pF 
pF 

A 


m 


IDOE23 #, IDOE1#, IDOEO#, LRDY, LDAT<7:0>, IDAT<31:0>, TEOP#, TDIR, TCHAN, IOSELO#, IOSEL1 #, 


IADS<9:2>, START#, M/IO, W/R, EXRDY, MASTER16#, EX32#, IBE# <3:0>, MSBURST#, and LOCK# 
IDOE234, IDOE1#, IDOEO#, LRDY, LDAT<7:0>, IDAT<31:0>, TDIR, TCHAN, TRQ#, TLD#, IOSELO#, 


= |ADS<9:2>, START#, M/IO, W/R, IBE# <3:0>, MSBURST #, LOCK#, EXRDY, EX32#, and MASTER16# 
UALOE#, IDDIR, IDOE23#, IDOE1#, IDOEO#, IADS<9:2>, LRDY, LDAT<7:0>, IDAT<31:0>, TDIR, 


TCHAN, EINT, IOSELO#, IOSEL1#, TRQ#, TLD#, TDAT<15:0>, MREQ#, LINT, IADS<9:2>, START#, 


You = 
Vola = UALOE#, IDDIR 
VoH1 = 

IOSEL1#, TDAT<15:0>, MREQ#, EINT, LINT, and TEOP # 
VOH2 = 
VOH3 = 

M/IO, W/R, IBE# <3:0>, MSBURST#, LOCK#, and TEOP# 
Vona = UALOE#, IDDIR 


The following outputs are open collector: EXRDY, EX32#, MASTER16#, and TEOP#; EINT is an open collector output 


when programmed for active low operation. 
2. Sampled only 


3. Tested at Voc = 5.30V and Frequency = BCLK (8.33 MHz) and TCLK (20 MHz) 
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12.0 A.C. SPECIFICATIONS 


12.1 A.C. Characteristics Tables 


The A.C. specifications given in the following tables consist of output delays/float times and input setup and 
hold times. 


TcasE = 0°C to 70°C, Voc = 5V +5%, TamBieNT = 0°C to 55°C 


|_Symbol__| Parameter 
t1 


Period Typical = 125 ns 
High Time Measured @ 2.0V 
Low Time Measured @ 0.8V 


BCLK Timing 


Rise Time (13) 
Fall Time 


| Symbol__| Parameter | Min. =| Max | Units | Notes, 
| 6 | Pulse Width el a ee 
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Master Timing 


MREQ# 
Delay ACT/Inact From BCLK Falling 


Setup Time To BCLK Falling 
Hold Time From BCLK Falling 


IADS <9:2>, M/IO, W/R 
Delay Valid From BCLK Falling(17) 
IADS <9:2>, M/IO, W/R 
Delay Valid From BCLK Rising(18) 
Delay Float From BCLK Falling(7) 


IBE# <3:0> 


Delay Valid From BCLK Falling 
Delay Float From BCLK Falling(7; 8) 


START # 
Delay Act/Inact From BCLK Rising 
Delay Float From BCLK Falling(7; 8) 


Setup Time To BCLK Rising(9) 
Hold Time From BCLK Rising(9) 


Setup Time To BCLK Falling 
Hold Time From BCLK Falling 


IDAT <31:0> 
Delay Valid From BCLK Falling() 
Delay Float From BCLK Falling(’: 8) 
Setup Time To BCLK Rising(2) 
Hold Time From BCLK Rising(2) 


Delay Act/Inact From BCLK Rising 
Delay Float From BCLK Falling(7) 


IDOE # 
t27 Delay Act/Inact From BCLK Falling 
UALOE # 
Delay Active From BCLK Rising 
Delay Inactive From BCLK Falling 
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MSBURST # 
Delay ACT/INACT 
Delay Float 


SLBURST # 
Setup Time 
Hold Time 


IDAT <31:0> 
Setup Time (Read) 
Hold Time (Read) 
Delay Valid 
Delay Invalid 


MASTER16# 
Delay Act 
Delay Float 


Master Timing (Burst) 


From BCLK Falling 
From BCLK Rising(8) 


To BCLK Rising 
From BCLK Rising 


To BCLK Rising(2) 

From BCLK Rising(?) 
From BCLK Rising(") 
From BCLK Rising(1) 


From BCLK Rising 
From BCLK Rising(7,8) 


Slave Timing 


IADS<11:12>, M/IO 
Setup Time To CMD# Falling 
Hold Time . From CMD# Falling 


EX32 # ) 
Delay Act/Float From IADS <11:2>, M/IO 
Delay Act/Float From AEN 


AEN 
Setup Time To CMD # Falling 
Hold Time From CMD # Falling 


‘ 


IBE# <3:0>,W/R 
Setup Time To CMD# Falling 
Hold Time From CMD # Falling 


EXRDY 
Delay Negated From START # Falling(9) 
Delay Float From BCLK Falling 


IDAT<31:0> 
Setup Time To CMD # Falling(2) 
Hold Time From CMD # Rising(2) 
Delay Valid From BCLK Rising(1) 
Delay Invalid From CMD # Rising(") 
Delay Float From CMD # Rising 


IDDIR 
Delay Valid From W/R Valid 
Delay Invalid ; From CMD # Rising 


IDOE # 
Delay Act (Read) From CMD # Falling 
Delay Inact (Read) From CMD # Rising 
Delay Act/Inact (Write) From BCLK Rising 


lIOSEL # 
Delay Active From |ADS <11:2> 
Delay Inactive From CMD # Rising 
If Latched 
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Transfer Buffer Interface Timing 


TCLK 
Period 
High Time Measured @ 2.0V 
Low Time Measured @ 0.8V 


From TCLK Rising 
TLD# 
Delay Act/Inact From TCLK Rising 


TEOP # 
Delay Act/Float From TCLK Rising 
TCHAN, TDIR 
Setup Time To TLD# or TRQ# Active(11) 


Setup Time To TCLK Rising 
Hold Time To TCLK Rising 


TDAT <15:0> 
Delay Valid From TCLK Rising/TDOE # Falling 
Delay Float From TCLK/TDOE # Rising 
Setup Time To TCLK Rising 
Hold Time From TCLK Rising 
Ratio of TCLK to BCLK 


Local Processor Interface Timing (Read Cycle) 


| Symbol | Parameter |_Min | = Max__—|_Units | Notes 
LADS <1:0>, LCS# 
t81 Setup Time 10 
t82 Hold Time 0 


LDAT <7:0> 
Delay Valid 

Max Delay Valid 
Delay Float 


LRD # (Inact) to LRD# 
(Act) or LWR# (Act) 
Recovery Time 


To LRD# Falling 
From LRD# Rising 


130 
2:5 (tt) + 120 


From LRD# Falling(4) 
From LRD# Falling(5) 
From LRD# Rising 
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Local Processor Interface (Write Cycle) 


LADS <1:0>, LCS# 
Setup Time To LWR# Falling 
Hold Time From LWR # Rising 


LDAT <7:0> 
Setup Time To LWR # Rising(4) 
Hold Time From LWR # Rising 
Data Valid From LWR # Falling(5) 


LWR # (Inact) to LWR# 
(Act) or LRD# (Act) 
Recovery Time 


Local Processor Ready 2 


| Symbol | Parameter | Min | Max | 


LRDY 
Delay Inactive From LADS and LCS ¥ Valid(5) 


Delay Active From LRD# or LWR# Active 
t96 Max Delay (5, 6) 
t97 Max Delay (5, 6) 
t98 Min Delay 1.5101) (5, 6) 


LDAT <7:0> 
Delay Valid From LRDY Rising(®. 12) 


NOTES FOR A.C TIMINGS: 

1. Specification does not include allowance for 13 ns max. and 2 ns min. into 240 pF for external buffer delay to EISA bus. 
2. Specification does not include allowance for 8 ns max. and 1 ns min. into 25 pF for external input delay from EISA bus. 
3. Delay includes 40 ns for pull-up rise time (8002 into 240 pF, 2V rise). 

4. Applies to all non-shared registers excluding the Peek/Poke Data registers. LRDY will remain active. 

5. Applies to the Peek/Poke Data and Shared Registers. LRDY will be taken inactive as soon as LA<1:0> and LCS# are 
valid, and remain inactive until valid data is available, or has been written. The deassertion of the local read strobe (LRD#) 
or local write strobe (LWR #) indicates the end of the current shared register or peek/poke data register access. If the local 
chip select (LCS#) input remains asserted and the local address selects remain low (LADS<1:0>) after LRD# or LWR# 
deasserts, a new shared register or peek/poke data register cycle begins. Under these conditions, the LRDY output wt 
become inactive again (driven low) within the time specified by t95. 

6. The maximum LRDY delay, 3.5 (t1) + 60 ns from LRD# or LWR#, only occurs if the local processor access loses the 
internal register access arbitration to an EISA access and if the following BCLK cycle is stretched. Without BCLK stretching, 
the maximum delay is 2.5 (t1) +60 ns. The minimum LRDY delay is 1.5 (t1). NOTE: The maximum BCLK stretch that will be 
seen by the BMIC is one BCLK period; this is assuming that the bus controller is the 82358 (EBC). If the 82358 is not used 
as the bus controller, the LRDY and data delay max. specs (t96/t85) will not necessarily be valid. 

7. Exiting master mode, the address lines <31:2>, M/IO, LOCK# START#, IBE# <3:0>, MSBURST#, IDAT<31:0>, and 
W/R will float no later than the falling edge of BCLK after CMD# is deasserted. 

8. During a mismatched cycle START#, IBE# <3:0>, and IDAT<31:0> will float from the first falling edge of BCLK after 
START # is negated. 

9. Includes mismatched cycles. 

10. Refers to the upper 22 EISA address lines which are multiplexed into the upper 22 data lines IDAT<31:10>. The 
address will be available for latching into the external address latches 45 ns from the falling edge of BCLK. 

11. The TDIR and TCHAN signals are referenced to the falling edge of TRQ# during the cycles that TLD# is not requested. 
12. LRDY going active will always be delayed from data valid. The maximum delay seen will be no greater than one (t1) 
period. 

13. Characterized, not tested. 

14. Under non-preempt, MREQ# will deassert a minimum of 0.5 BCLKs after the negating edge of the last CMD# of the 
transfer, depending on the cycle type (refer to the Basic Function Timings, Section 10.0). 

15. During an EISA read transfer, the BMIC will assert TEOP # typically eight TCLKs after CMD # is deasserted from the last 
EISA cycle, indicating end of transfer (refer to the Basic Function Timings, Section 10:0). 

16. During an EISA write transfer, the BMIC will assert TEOP# two TCLKs after CMD# is deasserted, indicating end of 
transfer (refer to the Basic Function Timings, Section 10.0). 

17. For address changes while CMD # is active. 

18. During an upper address load cycle, at the beginning of a transfer sequence, CMD # is inactive. 

19. For ‘“Downshifting Cases” where the transfer is misaligned. 


3.5 (t1) +60 


2.0: (1) +60 . 
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12.2 A.C. Characteristics Waveforms 


A.C. Testing Input, Output Waveforms 
4.0V 


OV 
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NOTE: 

The input waveforms have tr < 2.0 ns from 0.8V to 2.0V 

A. Output delay specification referenced from one of the following signals: BCLK, TCLK, CMD#, START#, AEN, 
IADS<11:2>, W/R, TDOE#, LRD#, LWR#, LADS<1:0>, LCS#, LRD#, or LWR#. 

B. Minimum input setup specification referenced to one of the following signals: BCLK, TCLK, CMD #, LWR#, LRD#, TLD#, 
or TRQ#. 

C. Minimum input hold specification referenced to one of the following signals: BCLK, TCLK, CMD#, LWR#, LRD#, TLD#, 
or TRQ#. 

A.C. Testing: All inputs are driven at 4V for a logic “1” and OV for a logic “0”. A.C. Timings are measured from the 0.8V and 

2.0V levels on the source signal to either the 0.8V and 2V or 1.5V level on the signal under test; except as noted by the 

following: 

1. BCLK and TCLK high time measurements are made at 2.0V 

2. BCLK and TCLK low time measurements are made at 0.8V 

3. START #, CMD#, LRD#, and LWR# pulse width measurements are made at 0.8V 


A.C. TEST LOADS 

CL = 25 pF on IDAT<31:0>, IDOE#, IOSEL# <1:0>, TRQ#, TLD#, TEOP#, TDAT<15:0>, TCHAN, TDIR, LRDY, and 
LDAT <7:0> 

CL = 35 pF on IDDIR 

CL = 50 pF on UALOE# and LINT 

CL = 120 pF on MREQ# and EINT 

CL = 240 pF on IADS<9:2>, BE# <3:0>, W/R, START #, EX32#, Lock, MSBURST #, MASTER16#, EXRDY, and M/IO 


BCLK, TCLK Timing 


290255-13 
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Master Timing 


(Includes: all Cycle Types—initial Burst, Non-Burst, Peek/Poke, and Mismatched) 


eo bok el Lr id Bt ee 


MREQ# 


MAK# 


IDDIR 


UALOE# 


IDOE# 


LA<31:0>,M/10,W/R 


IBE#<3:0> 


START# 


CMD# 


EX32# 


EXRDY 


LOCK# 


IDAT<31:0> (READ) 


IDAT<31:0> (WRITE) 


= ys 
a de a ee es A 
2 ee ee ee ee ee es es ee es Bt ee 
CeTT TTT? oft LR 
ic 1 a ee et 
GP bbe ce see 


XKXKKXAXKAXAXAXAXAKAXAXAAK ME | valid | valid ft DO i toot OOO XXX 


XKXKKXKXXXXXKXAXAKAXAXAAXM | valid | valid PX XKXXXAXA Keo XXXXXX 


KKK Se tet PIXXX 
OAWOe CO0.00 KR XAXAAXAI KAKI XIX 


KAA KAKA AAA 


XXX KAKA ROOM DOD XXX 


OOOO 


XXXKXAXAXXXXXAXAAKXX XXX Let XXX KK AX XK KX 
XXX AXAAXA | KAXAXXKKAXAXAXAM valid XXXII ve tid DOO 


XXX oserecs DX valid 


CS ee 
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Master Timing (Burst) 
BCLK 
MASTER 16# dei KKK KAKA 


LA<9:2>,M/10,W/R  XXXXXXXXXMOG valid | RX valid POG valid [root XX XXXX XXX XK AXA 


t12 t31a 


weH<3:0> XRXRREALAREN =e x = coon i f= DRXXEREXEREERXXREERRXEREER 


start® XXXXKKKKRN toot IX XXAAAKKAKKKAAK KAKA KAKA 
; chem 

MSBURST# a: XXX KKK KAA 

stpursT# XXX ee KX KX 


IDAT<31:0> (READ) valid WM valid POO valid KX XXXXKXXAKAA KX KAKA 


t20 t37 t38 


KX bree PIAA 
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IDAT<31:0> (WRITE) 


SSeézs 


ev9-l 


BCLK 


START# 


CMD# 


LA<11:2> 
M/10 


BE#<3:0> 
W/R 


IDDIR 


EX32# 


EXRDY 


IDAT<31:0> (READ) 


IDAT<31:0> (WRITE) 


IDOE# (READ) 


IDOE# (WRITE) 


Slave Timing (Shared Register Access) 


XXX valid] XARA valid XXX AXA AAX KKK 


t48 t49 


XX KXXXXXXAXAAXKM valid | XXX XARA XAAAXAKXXKXX 


RXXKXARLE 
XXXXXXELHEX I OO RXXXEXELARLA 
XXXXXEXEX— iil RX XXKRKXKXERE REXREKEXARXRRXAMNAKXRRXRMRRLAELA 


XXX ag too XXX 


KKK XXXXXAXAM vai PAA AKAD KAXAKAAK KK 


KKK KKK KAKA vi A 


t60 
_ : 
= 


foo DXA XA AAA 
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\/ 
A 


v 


Zt-SS¢c06¢e 
XXXXKKKXXKAXXA KKK 


XKXXMO? KKK 


Pa] ha 


97} Sr 


Pes £9} 
XXXKXKKXAKAKKAKKAAKAAX AKA AKAIKE | PuHOA DX 


(ssaooy 19}Ss16ayH O/|) Bulmiy aaeis 


c£XI 


N3V 


<0:1>#13S0I 


<@LL>VI 


#QND 


#LYVLS 


4198 
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Transfer Buffer Interface Timing (EISA Read) : 
TCLK 
469 t69 
TLD# 
4173 
TCHAN,TDIR XXXXXXXXXXKAAM tid PK OOO KX 
t76 t76 t77 
TDAT (EISA READ) XXXXXXXXXXXXXAKAAL vets” DOO XXXRKKKKKAAAAAAA XX 
TRO# —< oe 
a oe 
t74 
TACK# 
t70 
TROP XXX XA rete 's XXX 
TDOE# OX 
290255-18 
co 
3 o 
5 3 


ia 
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Transfer Buffer Interface Timing (EISA Write) 
TCLK 


TLD# 


TCHAN, TDIR Bikes Shee ee |) % LARA Paes 


t78/t79 


TDAT (EISA WRITE) XXXXXXXXXXXXXXAKKX XA sia DOG ses DOE saa DX KAKA 


t77 


toor# XXXXXXXXXRLAKE REXARKXARLARELARL ARK AKL XAKLARSLAKLARMLARSLARLXAMLN 
TRQ# 
NC MELT SUV NEY, IR! SRE ULe: FY vga Rav Ga DIRE aaceach ae ee ee 


NOTE 16 


TEOP# | foot IK XX XXX 
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Local CPU Interface Timing (Read Cycle/Non-Shared Register Access) 
LRD# 


LCS# 


LADS<1:0> vid KKK XKAXAXAXAXAXAXK KKK KKK 
t84 t86 


LDAT<7:0>  XXXXXXXXXXXXXXAAARAAKAAAAAMAKAM vali J float KXXXXXXXXXXAXAAAAKAAAKAAAKAAAAAN 
290255-20 


Local CPU Interface Timing (Read Cycle/Shared Register Access) 


al 
LADS<1:0> ES ES” eT FR 8 PS 


185 (86 


wDAar<7:0> KXXXXKK ROARK RRA RRR RLM SC~*dSéHlo mt XXX 
= se t96, t97, t98 
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Local CPU Interface Timing (Write Cycle/Non-Shared Register Access) 


t90 t94 


LWR# 
LCS# 
LADS<1:0> XXXXXKKKXKKX KKK KKK KX KKK RK KKK KKK K 


LDAT<7:0> valid KXXXXXXXXXKXXAXXXAAAAKAA AKA 
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Local CPU Interface Timing (Write Cycle/Shared Register Access) 


LWR# 


LCS# 


LADS<1:0> EE a ae OE 888 NEG 


| t93 t92 


LDAT<7:0> bn i nO 


t95 


al t96, t97, (98 
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13.0 BMIC PN AND PACKAGE INFORMATION 

13.1 Signal Overview 

Name = Pin Name, Type = |—Input, O—Output, OC—Open Collector, B—Both Input and Output, BC—Both 


and Open Collector, Pin = Pin Location 


vm [ye | me] ee 


EISA BUS INTERFACE SIGNALS 


START # 84 
CMD # 102 
M/IO 81 
W/R 80 
EXRDY 103 
EX32# 104 
MASTER16# 82 
IBE# <3:0> 64, 61, 60 
59 
107 
96 
97 
98 
_ 99 
100 
109 
101 
125 
Section 
105, 106 
57-55, 53, 
44, 40-38 
EISA BUFFER CONTROL SIGNALS 
UALOE # 
IDDIR 


IDOE23 # 
IDOE # <1:0> 


AEN 
MSBURST # 
SLBURST # 
LOCK # 
MREQ# 
MAK # 

EINT 

BCLK 
RESET 
IDAT <31:0> 
IADS <11:10> 
IADS <9:2> 


'?) 


| 
O 
| 
O 
O 
| 
O 
| 
| 
B 
| 
B 


TCLK 

TRQ# 

TACK # 

TDIR 

TCHAN 

TLD # 

TDOE # 

TEOP # 

TDAT <15:0> ection 


EISA Start of Cycle 

EISA Command Strobe 

EISA Memory/IO Cycle Status Signal 
EISA Write/Read Status Signal. 
EISA Ready Signal 

EISA 32-Bit Slave Response Signal 
EISA 16-Bit Master Control Signal 
EISA Byte Enable Lines 


EISA Address Enable Signal 
EISA Master Burst Signal 

EISA Slave Burst Signal 

EISA Resource Lock Signal 
EISA Bus Master Request Signal 
EISA Master Bus Acknowledge Signal 
EISA Interrupt Request Signal 
EISA Bus Clock 

EISA Reset Signal 

EISA Data Lines 

EISA Address Input Lines 

EISA Lower Address Lines 


EISA Upper Address Latch and Output Enable 
EISA Data Buffer Direction Signal 

EISA Data Byte Line Buffer Enable (Bytes 3, 2) 
EISA Data Byte Line Buffer Enables (Bytes 1, 0) 


Transfer Clock 

Transfer Data Request Signal 
Transfer Data Acknowledge Signal 
Transfer Data Direction Signal 
Transfer Data Channel Select Signal 
Transfer Address Counter Load Signal 
Transfer Data Bus Output Enable 
Transfer End-of-Process 

Transfer Data Bus Lines 
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13.1 Signal Overview (Continued) 


Name = Pin Name, Type = |—Input, ee OC—Open Collector, B—Both Input and Output, BC—Both 
and Open Collector, Pin = Pin Location 


LOCAL PROCESSOR INTERFACE SIGNALS 


LRD# 130 Local Read Signal 
LWR# 129 Local Write Signal 
LCS # 128 Local Chip Select Signal 
LDAT <7:0> 121-118 Local Data Bus Lines 
115-112 
LADS <1:0> 127, 126 Local Address Register Select Signals 
LRDY # | 122 Local Ready Signal 
LINT # 123 Local Processor Interrupt Signal 


MISCELLANEOUS SIGNALS 


lIOSEL# <1:0> :, Re a 111,110 Expansion Board Address Range Decode Signals 


POWER PINS 


108, 124 Power Pins for the Internal Logic 
42, 58 Ground Pins for the Internal Logic 
42, 23; 41; 63, Power Pins for the Output Buffers 
74, 83, 94, 

117, 132 

13, 22,33, 43, Ground Pins for the Output Buffers 
54, 62, 73, 85, 

95, 116, 131 
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13.2 Device Pinout 
| = Input, O = Output, OC = Open Collector, B = Both Input and Output, BC = Both and Open Collector 


LS ARow > 5 | DRow 
Pin | Label_| Type | Pin | Label | Type 


Device Pinout—132 Lead PQFP 


aaa | 
Pin | Label_| Type 


Pin 
67 


1 OC IDAT2 B IDAT9 B 
2 | IDAT18 B IDAT25 B 
3 O IDAT3 B IDAT10 B 
4 O IDAT19 B IDAT26 B 
5 e) IADS2 B IDAT11 B 
6 | |IADS3 B IDAT27 B 
7 O IADS4 B VsssB 
8 B Vecs VocB 
B Vss IDOE23 # O 
B Vssp IDOE1 # O OC 
B IADS5 B IDOEO # O IOSELO# | O 
IDAT4 B UALOE # O lIOSEL1# |} O 
IDAT20 B IDDIR O LDATO B 
B IDAT5 B W/R B LDAT1 B 
B IDAT21 B M/IO B LDAT2 B 
B IDAT6 B MASTER16#]! OC LDAT3 B 
B IDAT22 B VocB Vssp 
B. IDAT7 B START # B Voces 
B IDAT23 B Vssp LDAT4 B 
B IADS6 B IDAT12 B LDAT5 B 
TDAT11 B VssB IDAT28 B LDAT6 B 
Vssp |IADS7 B IDAT13 B LDAT7 B 
VocsB |IADS8 B IDAT29 B LRDY B 
TDAT12 B IADS9 B IDAT14 B LINT O 
TDAT13 B Vss IDAT30 B Voc 
TDAT14 B IBEO# B IDAT15 B RESET | 
TDAT15 B IBE1# B IDAT31 B LADSO | 
IDATO B IBE2# B VccsB LADS1 | 
IDAT16 B VsssB VssB LCS# | 
IDAT1 B Voces MSBURST # LWR # | 
IDAT17 B IBE3 # SLBURST # LRD# | 
TCLK | IDAT8 LOCK # Vssp 
VsssB IDAT24 MREQ# Vocs 
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13.3 132-Pin PQFP Package Pinout 


~ 
— 
<= 
Qa 
ol 
_ 


1 £===—|> 10SEL1# 


110 => I0SELO# 
109 > EINT 


ES, wo 
e HH YW — >= = 
Qx&£nO Fada< 
eroc =i oe a 
a ee ee endl aad a | 
OOaorn NNO 


MMMNANNNANNNN SR eee ere eee 


MREQ# 

O LOCK# 
SLBURST# 
MSBURST# 
Vss 
Voc 
IDAT31 
IDAT15 
IDAT30 
IDAT14 
IDAT29 
IDAT13 
IDAT28 
IDAT12 


106 E—,) 1IADS10 
105 9 IADS 11 
104 > Ex32# 
103 > ExrDyY 
102 => CmD# 
oS ek 
100 E> MAK# 


TOP VIEW 


1 
2 
3 
4 
- 
6 
7 
8 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 


=OWMWNOMUARWN=O 


IDOE23# 
Voc 

Vss 
IDAT27 
IDAT 11 
IDAT26 
IDAT10 
IDAT25 
IDAT9 


IDAT2 Ca 34 
IDAT 18 2222 35 
IDAT19 <4" 57 
IADS2 G1 38 
IADS3 9 39 
|IADS4 a>) 40 
IADS5 aaa 44 

IDAT4 2 45 
IDAT20 <2 46 

IDATS <—— 65 
IDAT24 <—-4 66 


290255-24 
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PACKAGING INFORMATION PLASTIC QUAD FLAT PACK (PQFP) 
(See Packaging Specification Order # 240800, 
Package Type NG) 


Introduction 


The individual components of Intel’s EISA Chip Set 
come in JEDEC standard Gull Wing packages (25 
MIL pitch), with “bumpers” on the corners for ease 
of handling. Please refer to the accompanying table 
for the package associated with each device, and to 
the individual component specifications for pinouts. 
(Note that the individual pinouts are numbered con- 290255-25 
sistently with the numbering scheme depicted in the 
accompanying figures.) 


TYPICAL LEAD 


Case Outline Drawings 
Plastic Fine Pitch Chip Carrier 
0.84 mm Pitch 


0.41 
0.20 


0.20 (0.008) 
0.14 (0.005) 


a0 (a0 1 wees 


DETAIL J DETAIL L 


Description 


a a 


mm (inch) 


Package Height 


Aid| Standoff! 
, | 
: | 
[pa,e3 | LeadDimension | 0800Ret ——=«|—=S=*C*C«O RT 
[11 [| Foottengtn —+| 0020 | 00a | os1 | 076 
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13.4 PRINCIPAL DIMENSIONS & DATUMS 


D2 
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BASE PLANE 


- 


=—S VOODOO OOOO OOOO _ 
ETT 
0 CR aici 


D1 


<= 


nes 


TOP VIEW 


— 
Lid 
Lil 
N 
iJ 
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TERMINAL DETAILS 


ba fgg sn (8.825) 


mm (inch) 290255-28 


BUMPER DETAIL 


1.02 €.852) 
1.22 (.848) 


8.98 (.835) a 


1.02) (B92) 


1.22 (.848) 
8.98 (.835) HN Ls “ee 


1.95 (.876) 
2.835 (.888) 


1.93 (.876) 


mm (inch) 290255-29 


1-655 


82355 


13.5 Package Thermal Specification 


The 82355 (BMIC) is specified for operation when 
the case temperature is within the range of 0°C- 
70°C. The case temperature may be measured in 
any environment, to determine whether the device is 
within the specified operating range. 


The PQFP case temperature should be measured at 


the center of the top surface opposite the pins, as 
shown in the figure below. 


PLASTIC QUAD FLAT PACK (PQFP) 


290255-30 


14.0 BMIC REGISTER ADDRESS MAP 


14.1 Index Register Set 


intel. 


82355 PQFP Package Thermal 
Characteristics 


Air Flow Rate (ft/min) 
0 |50| 100 | 200 | 400 |600|800 


NOTES: 

1. Table applies to 82355 PQFP plugged into socket or sol- 
dered directly into board. 

2. Oya = Ojo + OCa~. 


Parameter 


Process Name: 

1.24 CHMOS III P-well 

Icc at Hot with no Resistive Loads: 
150 mA max at 70°C 


Measure PQFP case temperature 
at center of top surface 


The following registers are mapped directly into the local processor interface: 


0 R/W 
1 R/W 
2 R/W 
3 _ 
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Local Address Register Description 


Local Data Register 
Local Index Register 

Local Status/Control Register 
Reserved 


intel | 82355 
® : 
14.2 Shared Register Set 


EISA Index 


XC80 ID Byte 0 
XC81 ID Byte 1 
XC82 ID Byte 2 
XC83 ID Byte 3 


XC84 Non BMIC Register (For Expansion Board Use) 
XC85 Non BMIC Register (For Expansion Board Use) 
XC86 Non BMIC Register (For Expansion Board Use) 
XC87 Non BMIC Register (For Expansion Board Use) 


XC88 Global Configuration Register 

XC89 System Interrupt Enable/Control Register 
XC8A Semaphore Port 0 

XC8B Semaphore Port 1 

XC8C Local Doorbell Enable Register 

XC8D Local Doorbell Interrupt/Status Register 
XC8E EISA System Doorbell Enable Register 
XC8F EISA System Doorbell Interrupt/Status Register 
XC90 Mailbox Register (1) 

XC91 , Mailbox Register (2) 

XC92 Mailbox Register (3) 

XC93 : Mailbox Register (4) 

XC94 Mailbox Register (5) 

XC95 Mailbox Register (6) 

XC96 Mailbox Register (7) 

XC97 Mailbox Register (8) 

XC98 Mailbox Register (9) 

XC99 Mailbox Register (10) 

XC9A , Mailbox Register (11) 

XC9B Mailbox Register (12) 

XC9C Mailbox Register (13) 

XC9D Mailbox Register (14) 

XC9E Mailbox Register (15) 

XC9OF Mailbox Register (16) 


XCA0O-XCAF - Reserved 
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14.3 Processor Only Register Set 


Peek/Poke Data Register Byte 0 
Peek/Poke Data Register Byte 1 
Peek/Poke Data Register Byte 2 
Peek/Poke Data Register Byte 3 
Peek/Poke Address Register Byte 0 
Peek/Poke Address Register Byte 1 
Peek/Poke Address Register Byte 2 
Peek/Poke Address Register Byte 3 
Peek/Poke Control Register 


|/O Decode Range 0 Base Address Register 
|/O Decode Range 0 Control Register 
|/O Decode Range 1 Base Address Register 
1/0 Decode Range 1 Cantrol Register 


Reserved 
Reserved 
Reserved 


Channel 0 Base Count Register Byte 0 
Channel 0 Base Count Register Byte 1 
Channel 0 Base Count Register Byte 2 
Channel 0 Base Address Register Byte 0 
Channel 0 Base Address Register Byte 1 
Channel 0 Base Address Register Byte 2 


Channel 0 Base Address Register Byte 3 
Reserved 

Channel 0 Configuration Register 

Channel 0 Transfer Strobe Register 

Channel 0 Status Register 

Channel 0 TBI Base Address Register Byte 0 
Channel 0 TBI Base Address Register Byte 1 
Reserved 

Reserved 

Reserved 

Channel 0 Current Count Register Byte 0 
Channel 0 Current Count Register Byte 1 
Channel 0 Current Count Register Byte 2 
Channel 0 Current Address Register Byte 0 
Channel 0 Current Address Register Byte 1 
Channel 0 Current Address Register Byte 2 
Channel 0 Current Address Register Byte 3 
Reserved 

Channel 0 TBI Current Address Register Byte 0 
Channel 0 TBI Current Address Register Byte 1 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
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14.3 Processor Only Register Set (Continued) 


index 


Channel 1 Base Count Register Byte 0 
Channel 1 Base Count Register Byte 1 
Channel 1 Base Count Register Byte 2 
Channel 1 Base Address Register Byte 0 
Channel 1 Base Address Register Byte 1 
Channel 1 Base Address Register Byte 2 
Channel 1 Base Address Register Byte 3 
Reserved 


Channel 1 Configuration Register 

Channel 1 Transfer Strobe Register 

Channel 1 Status Register 

Channel 1 TBI Base Address Register Byte ( 0 
Channel 1 TBI Base Address Register Byte 1 
Reserved 

Reserved 


Reserved 


Channel 1, Current Count Register Byte 0 
Channel 1 Current Count Register Byte 1 
Channel 1 Current Count Register Byte 2 
Channel 1 Current Address Register Byte 0 
Channel 1 Current Address Register Byte 1 
Channel 1 Current Address Register Byte 2 
Channel 1 Current Address Register Byte 3 
Reserved 

Channel 1 TBI Current Address Register Byte 0 
Channel 1 TBI Current Address Register Byte 1 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


NOTES: 

1. TBI = Transfer Buffer Interface 

2. X = Slot number 

3. All the reserved locations, when read, will return a value of no practical use to the user. 

4. The “non BMIC” register locations (XC84h-XC87h & 04h-07h) are locations to be used by registers implemented exter- 
nally on the expansion board. The BMIC will not respond to these locations (XC84h-—CC87h) when accessed from the EISA 
side. However, the BMIC can be programmed to support the decode of the EISA addresses (XC84h-XC87h) through its |/O 
decode register set (refer to Section 4.8). All ‘“‘non BMIC” register locations (04h-07h) when read from the local side, will 
return a value of no practical use to the user. 
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82355 Revision Summary 
The following changes have been made since revi- 


sion 006: 
Section 1.1 


Section 4.2 


Section 8.1.2 


Section 8.2.3.3 


Section 10.0 


EISA READ definitions has been 
changed from “A data transfer 
(burst, non-burst (two BCLK), or 
mismatched) from system to the ex- 
pansion board across one of the 
two transfer channels” to “A data 
transfer (burst, non-burst (two 
BCLK), or mismatched) from system 
to the expansion board across 
Channel 1 transfer channel 1.” 
New paragraph added after the first 
paragraph: 

Channel 0 can be used for EISA 
READ operation only. Channel 1 
can be used for both EISA READ 
and EISA WRITE operations. 

Bits 7-4 has been changed to Third 
hex digit of product number 

Bits 4-0 has been changed to Hex- 
adecimal digit of product revision 
Sentence added to Bit 22: 

This is applicable only to channel 1 
and not for channel 0, as channel 0 
can perform EISA WRITE transfers 
only. 

Figure 10-1 TDIR, TCHAN timing di- 
agram has changed from 10 to 11. 
Figure 10-3 TDIR, TCHAN timing di- 
agram has changed from 10 to 11. 
Figure 10-7 TDIR, TCHAN timing di- 
agram has changed from 10 to 11. 


The following changes have been made since revi- 


sion 005: 
Section 4.3 


Section 4.8 
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New paragraph added at the end. 
This paragraph reads: 


Any consecutive Peek/Poke or 
Locked exchanged transfers must 
be initiated only after the previous 
Peek/Poke or Locked exchange 
has been completed. This can be 
accomplished by making sure that 
bit 2 of the local status/control reg- 
ister is set to a zero before initiating 
the transfer. 


New paragraph added after the third 
paragraph. This paragraph reads: 


The IDOEs do not go active during 
an IOSEL cycle outside the shared 
register access space. 


Section 7.4 


The third paragraph had two sen- 
tences deleted that is replaced with 
Figure 7-2, IDOEOQ# Connection 
during ID Register Access. The sen- 
tences that were deleted read as 
follows: 


The external lines connected to the 
IDAT <7:0> lines should be con- 
nected to the bus between the 
BMIC and the external F245 data 
buffers. The BMIC will enable the 
external data buffers to drive byte 
lane 0 of the EISA bus upon detec- 
tion of the ID address. 


The following changes have been made since revi- 


sion 004: 
Section 4.3 


Section 8.2.3.4 


.pending (TBI, 


New paragraph added at the end. 
This paragraph reads: 


Whenever the BMIC is commanded 
to do an EISA POKE cycle, the 
BMIC will assert the MREQ# signal 
low normally, transfer up to four 
bytes of data, and release the bus 
by de-asserting MREQ# high. A po- 
tential problem exists, however, 
when the slave device extends the 
cycle by de-asserting EXRDY low. If 
the slave holds this signal low past 
the time that the BMIC is forced to 
release MREQ# high (it has been 
preempted while waiting for the 
slave to assert EXRDY high), then 
the BMIC will drive MREQ# back 
low again immediately after this cy- 
cle ends if there is another transfer 
PEEK, POKE or 
LOCKED-EXCHANGE). Note that 
according to the EISA spec, “A bus 
master must wait at least two 
BCLKs after releasing the bus be- 
fore re-asserting its MREQx*’ (EISA 
spec, MREQ* signal description). 
To adhere to EISA specifications, it 
is required that LOCKED-EX- 
CHANGE cycles be used in lieu of 
POKE cycles. 


New sentence added at the end of 
paragraph one: 


At the end of a transfer, this register 
contains the value of the number of 
bytes transferred during the last cy- 
cle. 


intel. 


Section 8.2.4.2 Two paragraphs added for the 


Section 8.2.4.3 


CFGCL bit: 


Before a channel is issued a clear 
command, the channel must first be 
suspended by writing a “1” into Bit 
0 (CFGSU) of the Transfer Channel 
Configuration Register. Next the 
Transfer Channel Status Register 
must be read. If the TSTTC (Bit 0) is 
set to a “1”, then the channel has 
already completed the transfer. The 
channel is then unsuspended (write 
a “0” into Bit 0 [CFGSU] of the 
Transfer Channel Configuration 


Register), and the TSTTC bit is then 


cleared. 


If the TSTTC bit is a “O’’, then the 
TSTEN bit is checked. If this bit is a 
“4”, then the channel has not re- 
turned to idle yet, and the Transfer 
Channel Status Register is _ re- 
polled. If the TSTEN bit is a “0”, 
then the channel has successfully 
returned to idle and can now be 
cleared with no errors. This is done 
by setting Bit 2 (CFGCL bit) to a 1 in 
the Transfer Channel Configuration 
Register. A flowchart for this opera- 
tion is shown in the following figure. 


Figure 8-1 was added to the data 
sheet. 


Bit 4 has been changed to reserved. 


First paragraph under bit description 
has been changed to read, “Bits (7), 
(6), TST1K, and (4) are reserved. 
Any data read from these bits 
should be ignored”. 


The paragraph following this one 
has been deleted. 


Section 11.2 


Section 12.1 


Section 12.2 


82355 


Max Limits on symbols Coyt and 
Ccoik have been changed. 


Note 1 has been corrected. 

Symbol t1 has been corrected to 
read 2500 instead of 250 for max. 
Symbol t20 has been corrected to 
read 3 for min. 

Symbol t22 has been corrected to 4 
from 7 for min. 

Symbol t35 has been corrected to 5 
from 7 for min. 


Symbol t37 has been corrected to 3 
for min. 

Symbol t40 has been corrected to 1 
for min. 

Symbol t50 has been corrected to 
124 from 125 for max. 

Symbol t51 has been corrected to 1 
for min. 

The Local CPU Interface Timing 
(Read Cycle/Shared Register Ac- 
cess) table has been corrected. The 
signal LDAT<7:0> has changed 
one portion from valid to float. 
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intel ADVANCE INFORMATION 
® 


82091AA 
ADVANCED INTEGRATED 
PERIPHERAL (AIP) 
m Single-Chip PC Compatible I/O Solution = Floppy Disk Controller Features 

for Notebook and Desktop Platforms: — 100% Software Compatible with 

— 82078 Floppy Disk Controller Core Industry Standard 82077SL and 

— Two 16550 Compatible UARTs 82078 

— One Multi-Function Parallel Port — Integrated Analog Data Separator 

— IDE Interface 250K, 300K, 500K, 1M 

— Integrated Back Power Protection — Programmable Powerdown 

— Integrated Game Port Chip Select Command 

— 5V or 3.3V Supply Operation with 5V — Auto Powerdown and Wakeup 
Tolerant Drive Interface Modes 

— Full Power Management Support — Integrated Tape Drive Support 

— Supports Type F DMA Transfers for — Perpendicular Recording Support for 
Faster I/O Performance 4 MB Drives 

— No Wait-State Host I/O Interface — Programmable Write 

— Programmable Interrupt Interfaces Pre-Compensation Delays 

— Single Crystal/Oscillator Clock — 256 Track Direct Address, Unlimited 
(24 MHz) Track Support 

— Software Detectable Device ID — 16 Byte FIFO 

— Comprehensive Powerup — Supports 2 or 4 Drives 
Samngureton m= 16550 Compatible UART Features 

m@ The AIP is 100% Compatible with EISA, — Two Independent Serial Ports 
ISA and AT — Software Compatible with 8250 and 


16450 UARTs 
— 16 Byte FIFO per Serial Port 
— Two UART Clock Sources, Supports 


@ Host Interface Features 
— 8-Bit Zero Wait-State ISA Bus 


interface 
— DMA with Type F Transfers MIDI Baud Rate 
— Five Programmable ISA Interrupt @ IDE Interface Features 
Lines — Generates Chip Selects for IDE 
— Internal Address Decoder Drives 
= Parallel Port Features — Integrated Buffer Control Logic 
— All IEEE Standard 1284 Protocols — Dual IDE Interface Support 
Supported (Compatibility, Nibble, m Power Management Features 
Byte, EPP, and ECP) — Transparent to Operating Systems 
— Peak Bi-Directional Transfer Rate of and Applications Programs 
2 MB/sec — Independent Power Control for Each 
— 16 Byte FIFO for ECP Integrated Device 


m 100-Pin QFP Package 


See Packaging Spec. 240800 


The 82091AA Advanced Integrated Peripheral (AIP) is an integrated |/O solution containing a floppy disk 
controller, 2 serial ports, a multi-function parallel port, an IDE interface, and a game port on a single chip. The 
integration of these I/O devices results in a minimization of form factor, cost and power consumption. The 
floppy disk controller is the 82078 core with a data rate up to 2 Mbs. The serial ports are 16550 compatible. 
The parallel port supports ail of the IEEE Standard 1284 protocols (ECP, EPP, Byte, Compatibility, and Nibble). 
_The IDE interface supports 8-bit or 16-bit programmed I/O and 16-bit DMA. The Host Interface is an 8-bit ISA 
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interface optimized for type “F’’ DMA and no wait-state |/O accesses. Improved throughput and performance, 
the AIP contains six 16-byte FiFOstwo for each serial port, one for the parallel port, and one for the floppy disk 
controller. The AIP also includes power management and 3.3V capability for power sensitive applications such 
as notebooks. The AIP supports both motherboard and add-in card configurations. 


® Serial Port 
Host 16550 


interface 
| Serial Port 
16550 


Interface Parallel 


Port 


Parallel Port 
Buffer Direction 
or 
Game Port 
Chip Select 


PPDIR or 
GAME 
Chip Select 
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Figure 1. 82091AA Advanced Integrated Peripheral Block Diagram 
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PRODUCT PREVIEW 


82092AA 
PCI TO PCMCIA/ENHANCED IDE CONTROLLER (PPEC) 


m= Provides the Ultimate Plug and Play 

Solution for High Performance PCI 

Desktop Systems 

— Supports Combination of PCMCIA 
and Enhanced IDE Interfaces 

— Contains a 32-Bit PCI Local Bus 
Slave Interface Running at 
25 MHz/33 MHz 

— Supports Motherboard and Add-in 
Card Implementations 


m@ Compliant with PCMCIA 2.01/JEIDA 4.1 

interface Standard 

— Supports up to Four 68-Pin Standard 
PC Card Sockets, Cascadable for 
Additional Sockets 

— Each Socket Interchangeably 
Supports Either Memory or I/O PC 
Cards 

— Software Compatible with the 
Industry Standard 82365SL PCIC 

— Supports PCMCIA-ATA Disk Drive 
Devices 


m@ Interfaces Four Enhanced IDE Devices 
— Provides Write Posting and Read 
Prefetching to Support High 
Performance IDE Devices 
— Primary and Secondary IDE Devices 
can be Independently Programmed 
for Various Speed Selections 


m@ Dual Voitage Operation 


— Each PCMCIA Socket Automatically 
Configures to Support Either 3.3V or 
5.0V PC Cards 


Power Management 
— Individual Socket Power Control 
— Hot Insertion/Removal Capability 


Flexible System Configuration Options 

— Two-Socket Configuration With 
On-Chip Buffering 

— Four-Socket Configuration with 
Partial External Buffering 


System Bus Timings Compatible with 

Intel Pentium™ and Intel486™ 

Microprocessor Families 

— Supports All Intel PClisets 

— Programmable PCMCIA and IDE 
interface Timing 

— Easily Configured to Support Other 
Standard Architectures 


Eliminates Need for System 

Configuration Jumpers 

— Address Mapping for PCMCIA 
2.01/JEIDA 4.1 PC Card Memory 

— Address Windowing for |/O Space 

— Full 4 GBytes PCi Address Range 

— Selectable Interrupt Steering from 
PC Card to System Interrupt Lines or 
PCI Interrupts 


208-Pin QFP Package 
(See Packaging Spec. Order No. 240800, Package Type S) 


The 82092AA is a high-bandwidth, software-configurable bridge that interfaces as many as four PCMCIA (PC 
Memory Card International Association) PC Cards and four enhanced IDE devices to the Peripheral Compo- 
nent Interconnect (PCI) Bus. It is software compatible with the Intel 82365SL PC Card Interface Controller, but 
features a 32-bit PCI interface for maximum system performance. The PPEC simplifies system design by 
reducing component count between the PCI Bus, PC Cards and IDE devices, and maximizes system flexibility 
by providing such benefits as PC Card select decoding, multiple memory address translation maps, power 
management, and I/O interrupt steering. In addition, the PPEC supports auto-configuration allowing dynamic 
system setup upon insertion or removal of PC Cards. The enhanced IDE interface has programmable transfer 
rates that can support today’s fastest IDE devices, including Mode 3 (I/O Channel Ready) operation, as well 
as any future IDE modes. The four IDE devices supported by PPEC may include Hard Disk Drives, CD-ROMs, 


Tape Drives and any future IDE-based peripherals. 


Pentium is a trademark of Intel Corporation. 
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Order Number: 290511-001 


2-3 


intel. 


82077AA 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 
m@ Single-Chip Floppy Disk Solution m Integrated Tape Drive Support 


— 100% PC AT* Compatible 
— 100% PS/2* Compatible 
— 100% PS/2 Model 30 Compatible 


m= 12 mA Host Interface Drivers, 40 mA 
Disk Drivers 


— Integrated Drive and Data Bus @ Four Fully Decoded Drive Select and 
Buffers Motor Signals 
g Integrated Analog Data Separator m Programmable Write Precompensation 
— 250 Kbits/sec Delays 
— 300 Kbits/sec m Addresses 256 Tracks Directly, 
— 500 Kbits/sec Supports Unlimited Tracks 


ROR ROS m 16 Byte FIFO 
m High Speed Processor Interface = 68-Pin PLCC 


m@ Perpendicular Recording Support (See Packaging Spec., Order #240800, Package Type N) 


The 82077AA floppy disk controller has completely integrated all of the logic required for floppy disk control. 
The 82077AA, a 24 MHz crystal, a resistor package and a device chip select implements a PC AT or PS/2 
solution. All programmable options default to compatible values. The dual PLL data separator has better 
performance than most board level/discrete PLL implementations. The FIFO allows better system perform- 
ance in multi-master systems (e.g. PS/2, EISA). The 82077AA is available in three versions—82077AA-5, 
82077AA and 82077AA-1. 82077AA-1 has all features listed in this Gata sheet. It supports both tape drives and 
4 Mb floppy drives. The 82077AA supports 4 Mb floppy drives and is capable of operation at all data rates 
through 1 Mbps. The 82077AA-5 supports 500/300/250 Kbps data rates for high and low density floppy 
drives. 


The 82077AA is fabricated with Intel’s CHMOS Ill technology and is available in a 68-lead PLCC (plastic) 
package. 


~_ 
de cweea be 890 220 pc 
MZ QBERBES SR2Ewesexy 
ERERER ER ER ER ERE ER ER ER ER ER ERE 
9 6 746-547 45-2 7 
A2 (410 60FI Ver 
DBO (411 599) Vss 
Vsg C412 58 LJ DSO 
0B10313 57 (J) MEO 
DB2 (14 56 CJ DIR 
DB3 0415 55 (J STEP 
Vsg C416 54D Vss 
0B4 0317 53 (J WRDATA 
82077AA 
Voc C418 52 CL] WE 


pes ]19 51, HDSEL 
pe6 Cj 20 50/1 Vss 
Vs C421 49 7) DENSEL 
pB7 Cy 22 48 [CJMFM 
INT CJ 23 47 DNC 
pro Cy 24 46 [J AVo¢ 
Tc J 25 45 DI AVss 


INDX C4 26 44 (J NC 


No 
~ 
nN 
N 


IDENT ( 
DRATEO CL 
DRATE1() 
DSKCHG (1 

RESET 


290166-1 
Figure 1. 82077AA Pinout 


*PS/2 and PC AT are trademarks of IBM. 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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2-4 , Order Number: 290166-007 


intel. 
‘es 82077SL 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 


= Completely Compatible with Industry m Integrated Analog Data Separator 
Standard 82077AA — 250 Kbits/sec 


m Single-Chip Laptop Desktop Floppy — 300 Kbits/sec 
Disk Controller Solution — 500 Kbits/sec 


— 100% PC AT* Compatible — 1 Mbits/sec 

— 100% PS/2* Compatible m@ Programmable Crystal Oscillator for On 
— 100% PS/2 Model 30 Compatible or Off 

— Fully Compatible with Intel’s 386SL = Integrated Tape Drive Support 


Microprocessor SuperSet ; 
— Integrated Drive and Data Bus m@ Perpendicular Recording Support 


Buffers @ 12 mA Host Interface Drivers, 40 mA 


m Power Management Features Disk Drivers 


— Application Software Transparency @ Four Fully Decoded Drive Select and 
— Programmable Powerdown Motor Signals | 2 
Command ) mw Programmabie Write Precompensation 
— Auto Powerdown and Wakeup Delays 
Modes m Addresses 256 Tracks Directly, 
— Two External Power Management Supports Unlimited Tracks 
ibe 16 Byte FIFO 
— Typical Power Consumption in a" ba 
Power Down: 10 vA m 68-Pin PLCC 
J (See Packaging Handbook Order Number #240800, Package 
m High Speed Processor Interface Type N) 


The 82077SL, a 24 MHz crystal, a resistor package, and a device chip select implements a complete laptop 
solution. All programmable options default to 82077AA compatible values. The dual PLL data separator has 
better performance than most board level/discrete PLL implementations. The FIFO allows better system 
performance in multi-master systems (e.g., Microchannel, EISA). 


The 82077SL is a superset of 82077AA. The 82077SL incorporates power management features while main- 
taining complete compatibility with the 82077AA/8272A floppy disk controllers. It contains programmable 
power management features while integrating all of the logic required for floppy disk control. The power 
management features are transparent to any application software. The 82077SL is available in three ver- 
sions—82077SL-5, 82077SL and 82077SL-1. 82077SL-1 has all features listed in this data sheet. It supports 
both tape drives and 4 MB floppy drives. The 82077SL supports 4 MB floppy drives and is capable of operation 
at all data rates through 1 Mbps. The 82077SL-5 supports 500/300/250 Kbps data rates for high and low 
density floppy drives. 


The 82077SL is fabricated with Intel’s advanced CHMOS Ill technology and is available in a 68-lead PLCC 
(plastic) package. 


82077SL 


ggake "ry Sa2a°* 
290410-1 
Figure 1. 82077SL Pinout 
*PS/2 and PC AT are trademarks of IBM. 
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Table 1. 82077SL Pin Description 
symbol | Ping [0] 8° es Deserption 9 samt | 
HOST INTERFACE 


RESET RESET: A high level places the 82077S L in a known idle state. All registers are 
cleared except those set by the Specify command. 


ae SOAR CHIP SELECT: Decodes base address range and qualifies RD and WR inputs. 


ADDRESS: Selects one of the host pHertare registers: 
Access 
| R | Status nares A 
|0 | 1 | 0 | R/W | Digital OutputRegister | DOR 


i. 

|O| 111] RAW | Tape Drive Register | TOR 
-t[o][o]| R_|MainStatus Register | MSR_ 
+ [0] 0| W__| DataRateSelectRegister | DSR_ 
pt [0 | 1 | RW | Data(Firstin First Out) | FIFO_ 
2 Ce ee ee 
pt] 1] 1] R | DigitalinputRegister | DIR 
(+ ]1] 1 | W__| Configuration Control Register | CCR_ 


1/O | DATA BUS: Data bus with 12 mA drive 


Se foe ee 
Cai BS ae oe ee ey oi nee 


DMA REQUEST: Requests service from a DMA controller. Normally active high, 
but goes to high impedance in AT and Model 30 modes when the appropriate bit is 
set in the DOR. 


DMA ACKNOWLEDGE: Control input that qualifies the RD, WR inputs in DMA 
cycles. Normally active low, but is disabled in AT and Model 30 modes when the 
appropriate bit is set in the DOR. 


TERMINAL COUNT: Control line from a DMA controller that terminates the current 
disk transfer. TC is accepted only while DACK is active. This input is active high in 
the AT, and Model 30 modes and active low in the PS/2 mode. 


INTERRUPT: Signals a data transfer in non-DMA mode and when status is valid. 
Normally active high, but goes to high impedance in AT, and Model 30 modes when 
the appropriate bit is set in the DOR. 


CRYSTAL 1,2: Connection for a 24 MHz fundamental mode parallel resonant 
crystal. X1 may be driven with a MOS level clock and X2 would be left 
unconnected. 
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Table 1. 82077SL Pin Description (Continued) 


Symbol _| Pint | 1/0 | Description 


HOST INTERFACE (Continued) 


IDENT Zi IDENTITY: Upon Hardware RESET, this input (along with MFM pin) selects 
between the three interface modes. After RESET, this input selects the type of 
drive being accessed and alters the level on DENSEL. The MFM pin is also 
sampled at Hardware RESET, and then becomes an output again. Internal pull- 
ups on MFM permit a no connect. 


JIDENT | MFM | INTERFACE _ 


1 1orNC | AT Mode 

1 0 ILLEGAL 

0 1orNC | PS/2 Mode 

0 0 Model 30 Mode 


AT MODE: Major options are: enables DMA Gate logic, TC is active high, 
Status Registers A & B not available. 

PS/2 MODE: Major options are: No DMA Gate logic, TC is active low, Status 
Registers A & B are available. 

MODEL 30 MODE: Major options are: enable DMA Gate logic, TC is active 
high, Status Registers A & B available. 

After Hardware reset this pin determines the polarity of the DENSEL pin. IDENT 
at a logic level of ‘1’, DENSEL will be active high for high (500 Kbps/1 Mbps) 
data rates (typically used for 5.25” drives). IDENT at a logic level of “O”’, 
DENSEL will be active low for high data rates (typically used for 3.5” drives). 
This assumes the INVERT pin to be tied to ground. 


DISK CONTROL (All outputs have 40 mA drive capability) 


INVERT: Strapping option. Determines the polartity of all signals in this section. 
Should be strapped to ground when using the internal buffers and these signals 
become active LOW. When strapped to VCC, these signals become active high 
and external inverting drivers and receivers are required. 


ME0-3: Decoded Motor enables for drives 0-3. The motor enable pins are 
directly controlled via the Digital Output Register. 


DRIVE SELECT 0-3: Decoded drive selects for drives 0-3. These outputs are 
decoded from the select bits in the Digital Output Register and gated by 


HEAD SELECT: Selects which side of a disk is to be used. An active level 
selects side 1 


| STEP: Supplies step pulses to the drive 
DIRECTION: Controls the direction the head moves when a step signal is 
present. The head moves toward the center if active. 
WRITE DATA: FM or MFM serial data to the drive. Precompensation value is 
selectable through software. 


DENSITY SELECT: Indicates whether a low (250/300 Kbps) or high (500 
Kbps/1 Mbps) data rate has been selected 


DISK CHANGE: This input is reflected in the Digital Input Register. 


WRITE ENABLE: Drive control signal that enables the head to write onto the 
disk. 
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Table 1. 82077SL Pin Description (Continued) 


| Symbol | Pin# | 1/0 Description 


DISK CONTROL (All outputs have 40 mA drive capability) (Continued) 


DRV2 DRIVE2: This indicates whether a second drive is installed and is reflected in 
Status Register A. 


TRKO | 2 | | | TRACKO: Control line that indicates that the head is on track 0. 
/WwP | 1_—s|_sL__| WRITE PROTECT: Indicates whether the disk drive is write protected. 


INDX | 26 | | | INDEX: Indicates the beginning of the track. 


PLL SECTION 


RDDATA hae READ DATA: Serial data from the disk. INVERT also affects the polarity of this 
signal. 


MFM 1/O | MFM: At Hardware RESET, aids in configuring the 82077SL. Internal pull-up 
allows a no connect if a “1” is required. After reset this pin becomes an output 
and indicates the current data encoding/decoding mode (Note: If the pin is held at 
logic level “0” during hardware RESET it must be pulled to “1” after reset to 
enable the output. The pin can be released on the falling edge of hardware 
RESET to enable the output). MFM is active high (MFM). MFM may be left tied low 


after hardware reset, in this case the MFM function will be disabled. 

DRATEO DATARATEO-1: Reflects the contents of bits 0,1 of the Data Rate Register. 

DRATE1 (Drive capability of +6.0 mA @ 0.4V and —4.0 mA @ 2.4V) 

PLLO PLLO: This input optimizes the data separator for either floppy disks or tape drives. 
A “1” (or Vcc) selects the floppy mode, a “0” (or GND) selects tape mode. 

POWERDOWN STATUS 

IDLE IDLE: This pin indicates that the part is in the IDLE state and can be powered 
down. IDLE state is defined as MSR = 80H, INT = 0, and the head being 
“unloaded” (as defined in Section 6.2.6). Whenever the part is in this state, IDLE 
pin is active high. If the part is powered down by the Auto Mode, IDLE pin is set 
high and if the part is powered down by setting the DSR POWERDOWN bit, IDLE 
pin is set low. 


or POWERDOWN: This pin is active high whenever the part is in powerdown state, 
either via DSR POWERDOWN bit or via the Auto Mode. This pin can be used to 
disable external oscillator’s output. 


MISCELLANEOUS 


18 Voltage: + 5V 
40 
60 
68 


65 Sa 
Ls RMON OOGRR ss ak 7 Pe eve, pe ee | 
& 


AVCC Analog Supply 
| 45 | Analog Ground 


42 No Connection: These pins MUST be left unconnected. 


43 
aad 
47 
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1.0 INTRODUCTION 


The 82077SL is a single-chip floppy disk controller 
for portable PC designs, PC-AT, Microchannel and 
EISA systems. The 82077SL includes all the power 
management features necessary to implement a 
powerful laptop and notebook solution. The 
82077SL is fully compatible with the 82077AA. The 
pin out remains the same with the exception of two 
new powerdown status pins, PD and IDLE. These 
pins will replace the LOFIL and HIFIL pins on the 
82077AA that are used to connect an external ca- 
pacitor. 


The 82077SL, a 24 MHz crystal, a resistor package 
and a chip select implement a complete design. The 
power management features of the 82077SL are de- 
signed to be transparent to all application software. 
The 82077SL will seem awake to the software even 
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when it is in powerdown mode. All drive control sig- 
nals are fully decoded and have 40 mA drive buffers 
with selectable polarity. Signals returned from the 
drive are sent through on-chip input buffers with hys- 
teresis for noise immunity. The integrated analog 
data separator needs no external compensation of 
components, yet allows for wide motor variation with 
exceptionally low soft error rates. The microproces- 
sor interface has 12 mA drive buffers on the data 
bus plus 100% hardware register compatibility for 
PC-AT and Microchannel systems. The 16-byte 
FIFO with programmable thresholds is extremely 
useful in multi-master systems (Microchannel, EISA) 
or systems with large bus latency. 


Upon hardware reset, (Pin 32) the 82077SL defaults 
to 8272A functionality. Figure 1-1 is a block diagram 
of the 82077SL. 


Figure 1-1. 82077SL Block Diagram 
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1.1 Perpendicular Recording Mode 


An added capability of the 82077SL is the ability to 
interface directly to perpendicular recording floppy 
drives. Perpendicular recording differs from the tradi- 
tional longitudinal method by orienting the magnetic 
bits vertically. This scheme packs in more data bits 
for the same area. 


The 82077SL with perpendicular recording drives 
can read standard 3.5” floppies as well as read and 
write perpendicular media. Some manufacturers of- 
fer drives that can read and write standard and per- 
pendicular media in a perpendicular media drive. 


A single command puts the 82077SL into perpendic- 
ular mode. All other commands operate as they nor- 


mally do. The perpendicular mode requires the | 


1 Mbps data rate of the 82077SL. At this data rate, 
the FIFO eases the host interface bottleneck due to 
the speed of data transfer to or from the disk. 


1.2 Power Management Scheme 


While maintaining compatibility with 82077AA, the 
82077SL contains a powerful set of features for con- 
serving power. This enables the 82077SL to play an 
important role in the power sensitive environment of 
portable personal computers. These features are 
transparent to any application software. 


The 82077SL supports two powerdown modes—di- 
rect powerdown and automatic powerdown. Direct 
powerdown refers to direct action by the software to 
powerdown without dependence on external factors. 
Automatic powerdown results from 82077SL’s moni- 
toring of the current conditions according to a previ- 
ously programmed mode. The 82077SL contains a 
new powerdown command that via programming 
can be used to invoke auto powerdown. 82077SL is 
powered down whenever a set of conditions are sat- 
isfied. Any hardware reset disables the automatic 
powerdown command. Software resets have no ef- 
fect on the POWERDOWN command parameters. 


The 82077SL also supports powerdown of its inter- 
nal crystal oscillator independent of the powerdown 
modes described above. By setting bit 5 in DSR reg- 
ister, the internal oscillator is turned off. This bit has 
sole control of the oscillator powerdown. This allows 
the internai oscillator to be turned off when an exter- 
nal oscillator is used. 


2.0 MICROPROCESSOR INTERFACE 


The interface consists of the standard asynchronous 
signals: RD, WR, CS, AO-—A2, INT, DMA control and 


Ba 
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a data bus. The address lines select between config- 
uration registers, the FIFO and control/status regis- 
ters. This interface can be switched between PC AT, 
Model 30, or PS/2 normal modes. The PS/2 register 


sets are a superset of the registers found in a PC- 
AT. 


2.1 Status, Data and Control 
Registers 


As shown below, the base address range is supplied 
via the CS pin. For PC-AT or PS/2 designs, the pri- 
mary and secondary address ranges are 3F0 Hex to 
37F Hex and 370 Hex to 377 Hex respectively. 


palaslaelnee| Ream | 
fofelo| pn [Sausnegstera (SRA 
foto] +] a |stusRegisters (SRB. 
ro] + fo Rw |Dgtal Cup Register [DOR 
rol +] + [rw [Tape Orv Register (TOR 
fo [Main Stas Register [MSA 
[o| w  |bata Rate SelectRegster [OSA 
(1 | RW FIF 

Ce a A 
[| [Dtalinput Register [om 
Configuration Control Register 


In the following sections, the various registers are 
shown in their powerdown state. The “UC” notation 
stands for a value that is returned without change 
from the active mode. The notation “ * ’’ means that 
the value is reflecting the actual status of the 
82077SL, but the value is determinable in the power- 
down state. “N/A” reflects the values of the pins 
indicated. ‘‘X’’ indicates that the value is undefined. 


O 


2.1.1a STATUS REGISTER A 
(SRA, PS/2 MODE) 


This register is read-only and monitors the state of 
the interrupt pin and several disk interface pins. This 
register is part of the register set, and is not accessi- 
ble in PC-AT mode. 


This register can be accessed during powerdown 
state without waking up the 82077SL from its power- 
down state. 


= | Ae 
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Function INT 
: PENDING 


H/WResetState | 0 
Auto PD State ea a 


The INT PENDING bit is used by software to monitor the state of the 82077SL INTERRUPT pin. The bits 
marked with a “° ” reflect the state of drive signals on the cable and are independent of the state of the 
INVERT pin. 


The INT PENDING bit is low by definition for 82077SL to be in powerdown. The bits reflecting the floppy disk 
drive input pins (TRKO, INDEX and WP) are forced to an inactive state. The floppy disk drive outputs (HDSEL, 
STEP, and DIR) also go to their inactive, default state. 


As a read-only register, there is no default value associated with a reset other than some drive bits will change 
with a reset. The INT PENDING, STEP, HDSEL, and DIR bits will be low after reset. 


2.1.15 STATUS REGISTER A (SRA, MODEL 30 MODE) 


ek — A A 
ate Sie 
PENDING F/F 
Triwresctsute | 0 | 0 | 0 | WA | 1 
Taworosate | or | o | 0 | 0 | + 


This register has the following changes in PS/2 Model 30 Mode. Disk interface pins (Bits 0, 1, 2, 3, & 4) are 
inverted from PS/2 Mode. The DRQ bit monitors the status of the DMA Request pin. The STEP bit is latched 
with the Step output going active and is cleared with a read to the DIR register, Hardware or Software RESET. 


The DRQ bit is low by definition for 82077SL to be in powerdown. The bits reflecting the floppy disk drive input 
pins (TRKO, INDEX and WP) are forced to reflect an inactive state. The floppy disk drive outputs (HDSEL, 
STEP, and DIR) also go to their inactive, default state. 


2.1.2a STATUS REGISTER B (SRB, PS/2 MODE) 


This register is read-only and monitors the state of several disk interface pins. This register is part of the PS/2 
register set, and is not accessible in PC-AT mode. 


Bite A oil 7 es Bee ees 
Function 1 | 41 | DRIVE | WRDATA | RDDATA 
SELO | TOGGLE | TOGGLE 


Tanwresctsewe [ita] o | o | o 
Tawoposite [1 [1] vo [0 | 0 


As the only drive input, RDDATA TOGGLE’s activity is independent of the INVERT pin level and reflects the 
level as seen on the cable. 


The two TOGGLE bits do not read back the state of their respective pins directly. Instead, the pins drive a Flip/ 
Flop which produces a wider and more reliably read pulse. Bits 6 and 7 are undefined and always return a 1. 


After any reset, the activity on the TOGGLE pins are cleared. Drive select and Motor bits cleared by the 
RESET pin and not software resets. 
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2.1.25 STATUS REGISTER B (SRB, MODEL 30 MODE) 


ie ey we | eel a Se) 

Leal add eo ls Abo a 
F/F F/F F/F 

Triwresctsu | WA [1 [1 | 0 [| o [o [+]. 

Taworosate [| uc [vo ful o [| o |o |v | uw 


This register has the following changes in Model 30 Mode. Bits 0, 1, 5, and 6 return the decoded value of the 
Drive Select bits in the DOR register. Bits 2, 3, and 4 are set by their respective active going edges and are 
cleared by reading the DIR register. The WRDATA bit is triggered by raw WRDATA signals and is not gated by 
WE. Bits 2, 3, and 4 are cleared to a low level by either Hardware or Software RESET. 


2.1.3 DIGITAL OUTPUT REGISTER (DOR) 
The Digital Output Register contains the drive select and motor enable bits, a reset bit and a DMA GATE bit. 


ee Se ee ee ee ee 
EN3 EN2 EN1 ENO GATE SEL1 SEL2 
.. HWnedet atte [OO 6 io [oe oe ee 


The MOT ENx bits directly control their respective motor enable pins (MEO-3). A one means the pin is active, 
the INVERT pin determines the active level. The DRIVE SELx bits are decoded to provide four drive select 
lines and only one may be active at a time. A one is active and the INVERT pin determines the level on the 
cable. Standard programming practice is to set both MOT ENx and DRIVE SELx bits at the same time. 


Table 2-1 lists a set of DOR values to activate the drive select and motor enable for each drive. 


Table 2-1. Drive Activation Values 


| Drive | DOR Value 


1CH 


2DH 
4EH 
8FH 


The DMAGATE bit is enabled only in PC-AT and Model 30 Modes. If DMAGATE is set low, the INT and DRQ 
outputs are tristated and the DACK and TC inputs are disabled. DMAGATE set high will enable INT, DRQ, TC, 
and DACK to the system. In PS/2 Mode DMAGATE has no effect upon INT, DRQ, TC or DACK pins and they 
are always active. 


The DOR reset bit and the Motor Enable bits have to be inactive when the 82077SL is in powerdown. The 
DMAGATE and DRIVE SEL bits are unchanged. During powerdown, writing to the DOR does not awaken the 
82077SL with the exception of activating any of the motor enable bits. Setting the motor enable bits active 
(high) will wake up the part. 


This RESET bit clears the basic core of the 82077SL and the FIFO circuits when the LOCK bit is set to ‘‘0” 
(see Section 5.3.2 for LOCK bit definition). Once set, it remains set until the user clears this bit. This bit is set 
by a chip reset and the 82077SL is held in a reset state until the user clears this bit. The RESET bit has no 
effect upon this register. 
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2.1.4 TAPE DRIVE REGISTER (TDR) 


Pat eres ea SE dE 


he eae 
SecA. SE ES 
pore 
ae 


el es 
Cae Moser Ee ee | 


This register allows the user to assign tape support to a particular drive during initialization. Any future refer- 
ences to that drive number automatically invokes tape support. Hardware reset clears this register; software 
resets have not effect. TDR[2:7] are not writable and remain tristated if read. The tape select bits are hard- 
ware RESET to zeros, making Drive 0 not available for tape support. Drive 0 is reserved for the floppy boot 
drive. The tuning of the PLL for tape characteristics can also be done in hardware. If a 0 (GND) is applied to pin 
39 (PLLO) the PLL is optimized for tape drives, a 1 (Vcc) optimizes the PLL for floppies. This hardware 
selection mechanism overrides the software selection scheme. A typical hardware application would route the 
Drive Select pin used for tape drive support to pin 39 (PLLO). For further explanation on optimizing 82077 for 
tape drives please refer to Section 10.2.4. 


2.1.5 DATARATE SELECT REGISTER (DSR) 


es 
RESET | DOWN rie —— min mee 7S 

|H/WResetState | 0 | 9 | 0 

ee a et ar eee 


This register ensures backward compatibility with the 82072 floppy controller and is write-only. Changing the 
data rate changes the timings of the drive control signals. To ensure that drive timings are not violated when 
changing data rates, choose a drive timing such that the fastest data rate will not violate the timing. 


This register is identical to the one used in 82077AA with the exception of bit 5. This bit in the 82077SL 
denoted by PDOSC is used to implement crystal oscillator power management. The internal oscillator in the 
82077SL can be programmed to be either powered on or off via the PDOSC bit. This capability is independent 
of the chip’s powerdown state. In other words, auto powerdown mode and powerdown via activating POWER- 
DOWN bit has no effect over the power state of the oscillator. 


In the default state the PDOSC bit is low and the oscillator is powered up. When this bit is programmed to a 
one, the oscillator is shut off. Hardware reset clears this bit to a zero. Neither of the software resets (via DOR 
or DSR) have any effect on this bit. When an external oscillator is used, this bit can be set to reduce power 
consumption. When an internal oscillator is used, this bit can be set to turn off the oscillator to conserve 
power. However, PDOSC must go high only when the part is in the powerdown state, otherwise the part will 
not function correctly and must be hardware reset once the oscillator has turned back on and stabilized. 
Setting the PDOSC bit has no effect on the clock input to the 82077SL (the X1 pin). The clock input is 
separately disabled when the part is powered down. 


S/W RESET behaves the same as DOR RESET except that this reset is self clearing. 


POWERDOWN bit implements direct powerdown. Setting this bit high will put the 82077SL into the power- 
down state regardless of the state of the part. The part is internally reset and then put into powerdown. No 
status is saved and any operation in progress is aborted. Unlike the 82077AA this mode of powerdown does 
not turn off the internal oscillator. Any hardware or software reset will exit the 82077SL from this powerdown 
state. When 82077SL enters powerdown via this state it affects the floppy disk drive interface as suggested in 
Section 4.2.2. The state of the floppy disk drive pins during powerdown via the DSR register behaves similarly 
to that during auto powerdown. 
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PRECOMP 0-2 adjusts the WRDATA output to the disk to compensate for magnetic media phenomena 
known as bit shifting. The data patterns that are susceptible to bit shifting are well understood and the 
82077SL compensates the data pattern as it is written to the disk. The amount of precompensation is depen- 
dent upon the drive and media but in most cases the default value is acceptable. 


The 82077SL starts precompensating the data pattern starting on Track 0. The CONFIGURE command can 
change the track that precompensating starts on. Table 2-2 lists the precompensation values that can be 
selected and Table 2-3 lists the default precompensation values. The default value is selected if the three bits 
are zeros. 


DRATE 0-1 select one of the four data rates as listed in Table 2-4. The default value is 250 Kbps upon a chip 
(“Hardware’’) reset. Other (“Software’’) Resets do not affect the DRATE or PRECOMP bits. 


Table 2-2. Precompensation Delays 


PRECOMP Precompensation 
432 Delay 


0.00 ns—DISABLED 
41.67 ns 
83.34 ns 
125.00 ns 
166.67 ns 
208.33 ns 
250.00 ns 
DEFAULT 
| Table 2-3. Default Precompensation Delays Table 2-4. Data Rates 
Data Precompensation DRATESEL DATA RATE 
: Rate Delays 0 MFM FM 
1 Mbps 41.67 ns 1 1 Mbps Illegal 
500 Kbps 125 ns 0 500 Kbps 250 Kbps 
300 Kbps 125 ns 1 300 Kbps 150 Kbps 
0 


125 ns 


250 Kbps 250 Kbps 125 Kbps 


2.1.6 MAIN STATUS REGISTER (MSR) 


ee hae ee ee 

loa el ind AEB AS 3 
DMA BSY BUSY BUSY BUSY BUSY 

. HAN Reset State [7 OT ee et | 
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2-16 


a s 
intel. 
The Main Status Register is a read-only register and 


is used for controlling command input and result out- 
put for all commands. 


RQM—Indicates that the host can transfer data if 
set to a 1. No access is permitted if set to a 0. 


DlO—Indicates the direction of a data transfer once 
RQNM is set. A 1 indicates a read and a 0 indicates a 
write is required. 


NON-DMA—This mode is selected in the SPECIFY 
command and will be set to a 1 during the execution 
phase of a command. This is for polled data trans- 
fers and helps differentiate between the data trans- 
fer phase and the reading of result bytes. 


COMMAND BUSY—This bit is set to a one when a 
command is in progress. This bit will go active after 
the command byte has been accepted and goes in- 
active at the end of the results phase. If there is no 
result phase (SEEK, RECALIBRATE commands), 
this bit is returned to a O after the last command 
byte. 


DRV x BUSY—These bits are set to ones when a 
drive is in the seek portion of a command, including 
seeks, and recalibrates. 


2.1.7 FIFO (DATA) 


All command parameter information and disk data 
transfers go through the FIFO. The FIFO is 16 bytes 
in size and has programmable threshold values. 
Data transfers are governed by the RQM and DIO 
bits in the Main Status Register. 


The FIFO defaults to an 8272A compatible mode 
after a ‘“‘Hardware’”’ reset (Reset via pin 32). ‘‘Soft- 
ware” Resets (Reset via DOR or DSR register) can 
also place the 82077SL into 8272A compatible 
mode if the LOCK bit is set to ‘‘O” (See section 5.3.2 
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for the definition of the LOCK bit). This maintains 
PC-AT hardware compatibility. The default values 
can be changed through the CONFIGURE com- 
mand (enable full FIFO operation with threshold 
control). The advantage of the FIFO is that it allows 
the system a larger DMA latency without causing a 
disk error. Table 2.5 gives several examples of the 
delays with a FIFO. The data is based upon the fol- 
lowing formula: 


1 


# X |——— X 
AT cae ane RATE 


| — 1.5 ws = DELAY 
Table 2-5. FIFO Service Delay 


FIFO Threshold | Maximum Delay to Servicing 
Examples at 1 Mbps Data Rate 


1_AXASus— 15 ps =— 65 ps 
2x 8pys — 1.5 ps = 14.5 ws 


8X 8yus — 1.5 ps = 62.5'ns 
15 X 6 ps — 1.5 ype = 116.5 ps 


1X 10s — 1.5 ps =-14.5 2s 
2X 16 ys — 1.5 ps = 90.5 ps 
e’xX 16 us — 1.5 ps = 126.5 us 
15 X 16 ps — 1.5 68 = 2398.5 ws 


At the start of a command, the FIFO action is always 
disabled and command parameters must be sent 
based upon the RQM and DIO bit settings. As the 
82077SL enters the command execution phase, it 
clears the FIFO of any data to ensure that invalid 
data is not transferred. 


An overrun or underrun will terminate the current 
command and the transfer of data. Disk writes will 
complete the current sector by generating a 00 pat- 
tern and valid CRC. 
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2.1.8a DIGITAL INPUT REGISTER (DIR, PC-AT MODE) 


This register is read only in all modes. In PC-AT mode only bit 7 is driven, all other bits remain tristated. 


H/W Reset State 
aS ae a 


DSKCHG monitors the pin of the same name and reflects the opposite value seen on the disk cable, regard- 
less of the value of INVERT. The DSKCHG bit is forced inactive along with all the inputs from the floppy disk 
drive. All the other bits remain tristated. 


2.1.85 DIGITAL INPUT REGISTER (DIR, PS/2 MODE) 
id WE Or ed 
SeEL7 SELO DENS 
Twiwresesae | wa tata[1[1} +1 | o© | 1 
Tawoposs [0 [1 [1 ]1]1] vw | vw | vw 


The following is changed in PS/2 Mode: Bits 6, 5, 4, Table 2-6. DENSEL Encoding 


3 ret lue of “1”, DRATE SEL1-0 
and 3 return a value of “1”, and the Data Gate IDENT* DENSEL 


return the value of the current data rate selected 
(see Table 2-4 for values). 1 Mbps a ee eae ee 
Dilaudid comes oe ese 
BON Abbe) FESS ai aie | 
a 


*After (““‘Hardware’’) Chip Reset 


HIGH DENS is low whenever the 500 Kbps or 
1 Mbps data rates are selected. This bit is indepen- 
dent of the effects of the IDENT and INVERT pins. 


The DSKCHG bit is forced inactive along with all the 
inputs from the floppy disk drive. All the other bits 
(as applicable) remain unchanged. 


Table 2-6 shows the state of the DENSEL pin when 
INVERT is low. 


This pin is set high after a pin RESET and is unaf- 
fected by DOR and DSR resets. 
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2.1.8¢ DIGITAL nee teem a mites ceee MODEL mn aw 


a ae ae 
CHG GATE nok aie 
mee te ee 


The following is changed in Model 30 Mode: Bits 6, 5, and 4 return a value of “0”, and Bit 7 (DSKCHG) is 
inverted in Model 30 Mode. 


The DSKCHG bit is forced inactive along with all the inputs from the floppy disk drive. All the other bits (as 
applicable) remain unchanged. 


Bit 3 reflects the value of DMAGATE bit set in the DOR register. 
Bit 2 reflects the value of NOPREC bit set in the CCR register. Le 


2.1.94 CONFIGURATION CONTROL REGISTER (CCR, PC AT and PS/2 MODES) 


This register sets the datarate and is write only. In the PC-AT it is named the DSR. 


Function et at 
SEL1 SELO 


H/W Reset State . 
Auto PD State 


Refer to the table in the Data Rate Select Register for values. Unused bits should be set to 0. 


2.1.95 CONFIGURATION CONTROL REGISTER (CCR, MODEL 30 MODE) 


Function NOPREC a — 
SEL1 SELO 


H/W Reset State a oe 
Auto PD State Pe a 


NOPREC has no function, and is reset to “0” with a Hardware RESET only. 


2.2 RESET 


There are three sources of reset on the 82077SL; the RESET pin, a reset generated via a bit in the DOR anda 
reset generated via a bit in the DSR. All resets take the 82077SL out of the power down state. 


On entering the reset state, all operations are terminated and the 82077SL enters an idle state. Activating 
reset while a disk write activity is in progress will corrupt the data and CRC. 


On exiting the reset state, various internal registers are cleared, and the 82077SL waits for a new command. 
Drive polling will start unless disabled by a new CONFIGURE command. 
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2.2.1 RESET PIN (“HARDWARE”) RESET 


The RESET pin is a global reset and clears all regis- 
ters except those programmed by the SPECIFY 
command. The DOR Reset bit is enabled and must 
be cleared by the host to exit the reset state. 


2.2.2 DOR RESET vs DSR RESET 
(“SOFTWARE” RESET) 


These two resets are functionally the same. The 
DSR Reset is included to maintain 82072 compatibil- 
ity. Both will reset the 8272 core which affects drive 
status information. The FIFO circuits will also be re- 
set if the LOCK bit is a “0” (See Section 5.3.2 for the 
definition of the LOCK bit). The DSR Reset clears 
_ itself automatically while the DOR Reset requires 

the host to manually clear it. DOR Reset has prece- 
dence over the DSR Reset. The DOR Reset is set 
automatically upon a pin RESET. The user must 
manually clear this reset bit in the DOR to exit the 
reset state. 


The t30a specification in the A.C. Specifications 
gives the minimum amount of time that the DOR re- 
set must be held active. This amount of time that the 
DOR reset must be held active is dependent upon 
the data rate. 82077SL requires that the DOR reset 
bit must be held active for at least 0.5 us at 
250 Kbps. This is less than a typical ISA !/O cycle 
time. \ 


2.3 DMA Transfers 


DMA transfers are enabled with the SPECIFY com- 
mand and are initiated by the 82077SL by activating 
the DRQ pin during a data transfer command. The 
FIFO is enabled directly by asserting DACK and ad- 
dresses need not be valid. CS can be held inactive 
during DMA transfers. 


3.0 DRIVE INTERFACE 


The 82077SL has integrated all of the logic needed 
to interface to a floppy disk or a tape drive which use 
floppy interface. All drive outputs have 40 mA drive 
capability and all inputs use a receive buffer with 
hysteresis. The internal analog data separator re- 
quires no external components, yet allows for an ex- 
tremely wide capture range with high levels of read- 
data jitter, and ISV. The designer needs only to run 
the 82077SL disk drive signals to the disk or tape 
drive connector. 
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The INVERT pin selects between using the internal 
buffers on the 82077SL or user supplied inverting 
buffers. INVERT pulled to Vcc disables the internal 
buffers; pulled to ground will enable them. There is 
no need to use external buffers with the 82077SL in 
typical PC applications. 


3.1 Cable Interface 


The polarity of the DENSEL pin is controlled through 
the IDENT pin, after hardware reset. For 5.25” 
drives a high on DENSEL tells the drive that either 
the 500 Kbps or 1 Mbps data rate is selected. For 
some 3.5” drives the polarity of DENSEL changes 
to a low for high data rates. See Table 2-6 DENSEL 
Encoding for IDENT pin settings. 


Additionally, the two types of drives have different 
electrical interfaces. Generally, the 5.25” drive uses 
open collector drivers and the 3.5” drives (as used 
on PS/2) use totem-pole drivers. The output buffers 
on the 82077SL do not change between open col- 
lector or totem-pole, they are always totem-pole. For 
design information on interfacing 5.25” and 3.5” 
drives to a single 82077SL, refer to Section 9. 


3.2 Data Separator 


The function of the data separator is to lock onto the 
incoming serial read data. When lock is achieved the 
serial front end logic of the chip is provided with a 
clock which is synchronized to the read data. The 
synchronized clock, called Data Window, is used to 
internally sample the serial data. One state of Data 
Window is used to sample the data portion of the bit 
cell, and the alternate state samples the clock por- 
tion. Serial to parallel conversion logic separates the 
read data into clock and data bytes. 


To support reliable disk reads the data separator 
must track fluctuations in the read data frequency. 
Frequency errors primarily arise from two sources: 
motor rotation speed variation and instantaneous 
speed variation (ISV). A second condition, and one 
that opposes the ability to track frequency shifts is 
the response to bit jitter. 


The internal data separator consists of two analog 
phase lock loops (PLLs) as shown in Figure 3-1. The 
two PLLs are referred to as the reference PLL and 
the data PLL. The reference PLL (the master PLL) is 
used to bias the data PLL (the slave PLL). The refer- 
ence PLL adjusts the data PLL’s operating point as a 
function of process, junction temperature and supply 
voltage. Using this architecture it was possible to 
eliminate the need for external trim components. 


REFERENCE 
OSCILLATOR 


REFERENCE 
PHASE LOCK LOOP 
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ANALOG TRIM DATA 


SYNC. DET. 


TAPE/DISK 
DATA 


DATA INTERNAL 


SYNC DETECT ee ae PHASE LOCK LOOP DW 


DELAYED 
DATA 
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Figure 3-1. Data Separator Block Diagram 
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PHASE 
DETECTOR 


ENABLE 


ANALOG TRIM DATA 
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PHASE LOCK LOOP 
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2x CLOCK DW 
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Figure 3-2. Data PLL 


Figure 3-2 shows the data PLL. The reference PLL 
has control over the loop gain by its influence on the 
charge pump and the VCO. In addition the reference 
PLL controls the loop filter time constant. As a result 
the closed loop transfer function of the data PLL is 
controlled, and immune to the first order, to environ- 
mental factors and process variation. 


Systems with analog PLLs are often very sensitive to 
noise. In the design of this data separator many 
steps were taken to avoid noise sensitivity problems. 
The analog section of the chip has a separate VSS 
pin (AVSS) which should be connected externally to 
a noise free ground. This provides a clean basis for 
VSS referenced signals. In addition many analog cir- 
cuit features were employed to make the overall sys- 
tem as insensitive to noise as possible. 


3.2.1 JITTER TOLERANCE 


The jitter immunity of the system is dominated by the 
data PLL’s response to phase impulses. This is mea- 
sured as a percentage of the theoretical data win- 
dow by dividing the maximum readable bit shift by a 
/, bitcell distance. For instance, if the maximum al- 
lowable bit shift is 300 ns for a 500 Kbps data 
stream, the jitter tolerance is 60%. The graph in Fig- 
ures 13-1 thru 13-4 of the Data Separator Character- 
istics sections illustrate the jitter tolerance of the 
82077SL across each frequency range. 
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3.2.2 LOCKTIME (tLOCK) 


The lock, or settling time of the data PLL is designed 
to be 64 bit times. This corresponds to 4 sync bytes 
in the FM mode and 8 sync bytes in the MFM mode. 
This value assumes that the sync field jitter is 5% 
the bit cell or less. This level of jitter should be easily 
achieved for a constant bit pattern, since intersym- 
bol interference should be equal, thus nearly elimi- 
nating random bit shifting. 


3.2.3 CAPTURE RANGE 


Capture Range is the maximum frequency range 
over which the data separator will acquire phase 
lock with the incoming RDDATA signal. In a floppy 
disk environment, this frequency variation is com- 
posed of two components: drive motor speed error 
and ISV. Frequency is a factor which may determine 
the maximum level of the ISV (Instantaneous Speed 
Variation) component. In general, as frequency in- 
creases the allowed magnitude of the ISV compo- 
nent will decrease. When determining the capture 
range requirements, the designer should take the 
maximum amount of frequency error for the disk 
drive and double it to account for media switching 
between drives. 


WRDATA 


24 MHz 


PRECOMP 
SELECTION FROM 


Ce ae 


PSO,1 are 8272A control signals but are not available as outputs on the 82077SL. 


NOTE: 
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3.3 Write Precompensation 


The write precompensation logic is used to minimize 
bit shifts in the RDDATA stream from the disk drive. 
The shifting of bits is a known phenomena of mag- 
netic media and is dependent upon the disk media 
AND the floppy drive. 


The 82077SL monitors the bit stream that is being 
sent to the drive. The data patterns that require pre- 
compensation are well known. Depending upon the 
pattern, the bit is shifted either early or late (or not at 
all) relative to the surrounding bits. Figure 3-3 is a 
block diagram of the internal circuit. 


The top block is a 13-bit shift register with the no 
delay tap being in the center. This allows 6 levels of 
early and late shifting with respect to nominal. The 
shift register is clocked at the main clock rate 
(24 MHz). The output is fed into 2 multiplexors—one 
for early and one for late. A final stage of multiple- 
xors combines the early, late and normal data 
stream back into one which is the WRDATA output. 


SHIFT REGISTER 
> 


EARLY MULTIPLEXOR ES i LATE MULTIPLEXOR 
DSR mas 


WRDATA 
TO OUTPUT 
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Figure 3-3. Precompensation Block Diagram 
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4.0 POWER MANAGEMENT 
FEATURES 


The 82077SL contains power management features 
that makes it ideal for design of portable personal 
computers. These features can be classified into 
power management of the part and that of the inter- 
nal oscillator. The powerdown of the part is done 
independently of the internal oscillator in the 
82077SL. 


4.1 Oscillator Power Management 


The 82077SL supports a built-in crystal oscillator 
that can be programmed to be either powered down 
or active, independent of the power state of the chip. 
This capability is implemented by the PDOSC bit in 
the DSR. When PDOSC is set low, the internal oscil- 
lator is on and when it is set high the internal oscilla- 
tor is off. DSR powerdown does not turn off the os- 
cillator. 


When the external oscillator is used, power can be 
saved by turning off the internal oscillator. If the in- 
ternal oscillator is used, the oscillator may be pow- 
ered up (even when the rest of the chip is powered 
off) allowing the chip to wake up quickly and in a 
stable state. It is recommended to keep the internal 
oscillator on even when in the powerdown state. 
The main reason for this is that the recovery time of 
the oscillator during wake up may take tens of milli- 
seconds under the worst case, which may create 
problems with any sensitive application software. In 
a typical application the internal oscillator should be 
on unless the system goes into a power saving or 
standby mode (such a mode request would be made 
by a system time out or by a user). In this case, the 
system software would take over and must turn on 
the oscillator sufficiently ahead of awakening the 
part. 


In the case of the external oscillators, the power up 
characteristics are similar. If the external source re- 
mains active during the time the 82077SL is pow- 
ered down, then the recovery time effect is mini- 
mized. The PD pin can be used to turn off the exter- 
nal source. While the PD pin is active 82077SL does 
not require a clock source. However, when the PD 
pin is inactive, the clocking source, once it starts 
oscillating, must be completely stable to ensure that 
the 82077SL operates properly. 


4.2 Part Power Management 


This section deals with the power management of 
the rest of the chip excluding the oscillator. This 
shows how powerdown modes and wake up modes 
are activated. 
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4.2.1 POWERDOWN MODES 


The rest of the chip is powered down in two ways— 
direct powerdown and automatic powerdown. Direct 
powerdown results in immediate powerdown of the 
part without regard to the current state of the part. 
Automatic powerdown results when certain condi- 
tions become true within the part. 


4.2.1.a Direct Powerdown 


Direct powerdown is conducted via the POWER- 
DOWN bit in the DSR register (bit 6). This mode is 
compatible to the 82077AA. Programming this bit 
high will powerdown 82077SL after the part is inter- 
nally reset. All current status is lost if this type of 
powerdown mode is used. The part can exit power- 
down from this mode via any hardware or software 
reset. This type of powerdown will override the auto- 
matic powerdown. If the part is in automatic power- 
down when the DSR powerdown is issued then all 
the previous status of the part will be lost and the 
82077SL will be reset to its default values. 


4.2.1.5 Auto Powerdown 


Automatic powerdown is conducted via a “Set Pow- 
erdown Mode” command. There are four conditions 
required before the part will enter powerdown. All 
these conditions must be true for the part to initiate 
the powerdown sequence. These conditions are list- 
ed as follows: 


1. The motor enable pins ME[0:3] must be inactive, 


2. The part must be idle; this is indicated by 
MSR = 80H and INT = 0 (INT may be high even 
if MSR = 80H due to polling interrupt), 


3. The head unload timer (HUT—explained in Sec- 
tion 6.2.6) must have expired, and 


4. The auto powerdown timer must have timed out. 


The command can be used to enable powerdown by 
setting the AUTO PD bit in the command to high. 
The command also provides a capability of program- 
ming a minimum power up time via the MIN DLY bit 
in the command. The minimum power up time refers 
to a minimum amount of time the part will remain 
powered up after being awakened or reset. An inter- 
nal timer is initiated as soon as the auto powerdown 
command is enabled. The part is then powered 
down provided all the remaining conditions are met. 
Any software reset will reinitialize the timer. Chang- 
ing of data rate extends the auto powerdown timer 
by up to 10 ms, but only if the data rate is changed 
during the countdown. | 


Disabling the auto powerdown mode cancels the 


timers and holds the 82077SL out of auto power- 
down. 
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4.2.2 WAKE UP MODES 


This section describes the conditions for awakening 
the part from both direct and automatic powerdown. 
Power conservation or extension of battery life is the 
main reason power management is required. This 
means that the 82077SL must be kept in power- 
down state as long as possible and should be pow- 
ered up as late as possible without compromising 
software transparency. 


To keep the part in powerdown mode as late as pos- 
sible implies that the part should wake up as fast as 
possible. However, some amount of time is required 
for the part to exit powerdown state and prepare the 
internal microcontroller to accept commands. Appli- 
cation software is very sensitive to such a delay and 
‘in order to maintain software transparency, the re- 
covery time of the wake up process must be careful- 
ly controlled by the system software. 


4.2.2.a Wake Up from DSR Powerdown 


If the 82077SL enters the powerdown through the 
DSR powerdown bit, it must be reset to exit. Any 
form of software or hardware reset will serve, al- 
though DSR is recommended. No other register ac- 
cess will awaken the part, including writing to the 
DOR’s motor enable (ME[0:3]) bits. 


lf DSR powerdown is used when the part is in auto 
powerdown, the DSR powerdown will override the 
auto powerdown. However, when the part is awak- 
ened by a software reset, the auto powerdown com- 
mand (including the minimum delay timer) will once 
again become effective as previously programmed. 
If the part is awakened via a hardware reset, the 
auto powerdown is disabled. 


After reset, the part will go through a normal se- 
quence. The drive status will be initialized. The FIFO 
mode will be set to default mode on a hardware re- 
set or on a software reset if the LOCK command has 
not blocked it. Finally, after a delay, the polling inter- 
rupt will be issued. 


4.2.2.5 Wake Up from Auto Powerdown 


If the part enters the powerdown state through the 
auto powerdown mode, then the part can be awak- 
ened by reset or by appropriate access to certain 
registers. 


lf a hardware or software reset is used then the part 
will go through the normal reset sequence. If the 
access is through the selected registers, then the 
82077SL resumes operation as though it was never 
in powerdown. Besides activating the RESET pin or 
one of the software reset bits in the DOR or DSR, 
the following register accesses will wake up the part: 
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1. Enabling any one of the motor enable bits in the 
DOR register (reading the DOR does not awaken 
the part) 


2. A read from the MSR register 
3. A read or write to the FIFO register 


Any of these actions will wake up the part. Once 
awake, 82077SL will reinitiate the auto powerdown 
timer for 10 ms or 0.5 sec. (depending on the MIN 
DLY bit the auto powerdown command). The part 
will powerdown again when all the powerdown con- 
ditions stated in Section 4.2.1b are satisfied. 


4.3 Register Behavior 


The register descriptions and their values in the 
powerdown state were given in Section 2.1. Table 
4.1 reiterates the AT and PS/2 (including model 30) 
configuration registers available. It also shows the 
type of access permitted. In order to maintain soft- 
ware transparency, access to all the registers must 
be maintained. As Table 4.1 shows, two sets of reg- 
isters are distinguished based on whether their ac- 
cess results in the part remaining in powerdown 
state or exiting it. 


Access to all other registers is possible without 
awakening the part. These registers can be ac- 
cessed during powerdown without changing the 
status of the part. A read from these registers will 
reflect the true status as shown in the register de- 
scription in Section 2.1. A write to the part will result 
in the part retaining the data and subsequently re- 
flecting it when the part awakens. Accessing the 
part during powerdown may cause an increase in 
the power consumption by the part. The part will re- 
vert back to its low power mode when the access 
has been completed. 


4.4 Pin Behavior 


The 82077SL is specifically designed for the porta- 
ble PC systems in which the power conservation is a 
primary concern. This makes the behavior of the 
pins during powerdown very important. 


The pins of 82077SL can be divided into two major 
categories—system interface and floppy disk drive 
interface. The floppy disk drive pins are disabled 
such that no power will be drawn through the 
82077SL as a result of any voltage applied to the pin 
within the 82077SL’s power supply range. The flop- 
py disk drive interface pins are configurable by the 
FDI TRI bit in the auto powerdown command. When 
the bit is set the output pins of the floppy disk drive 
retain their original state. All other pins are either 
disabled or unchanged as depicted in Table 4-4. 
Most of the system interface pins are left active to 
monitor system accesses that may wake up the part. 


& 
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4.4.1 SYSTEM INTERFACE PINS 

Table 4.2 gives the state of the system interface 
pins in the powerdown state. Pins unaffected by 
powerdown are labeled ‘‘UC’’. Input pins are ‘‘DIS- 
ABLED” to prevent them from causing currents in- 


ternal to the 82077SL when they have indeterminate 
input values. 


Table 4-1. 82077SL Register Behavior 


Available 
Registers Access 


Address alan PS/2 Permitted 
: (Model 30) 


Access to these registers DOES 
NOT wake up the part 


SR 


Oo i 1 
O 
DD D 


QO 


SRB 


001 
010 
011 


= 
= 


TDR 
DSR* 
110 
111 
111 R 


Access to these registers wakes up the part 


100 


©, 
@) 


NOTE: 

*Writing to the DOR or DSR does not wake up the part, 
however, writing any of the motor enable bits or doing a 
software reset (either via DOR or DSR reset bits) will wake 
up the part. 


Table 4-2. 82077SL System Interface Pins 
Power Down Pins Power Down 
| __imputPins | Output Pins 


X[1:2] | Programmable 


Two pins which can be used to indicate the status of 
the part are IDLE and PD. These pins have replaced 
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the HIFIL and LOFIL pins in the 82077AA. The ca- 
pacitor required on the 82077AA has been integrat- 
ed on the chip. Table 4-3 shows how these pins re- 
flect the 82077SL status. 


Table 4-3. 82077SL Status Pins 


IDLE | = MSR 
Auto Powerdown 


PD | 

1 RQM = 1; DSR Powerdown 
bE led | ee 
Lo | is 
x3 


ST MEMES ice SS 


The IDLE pin indicates when the part is idle state 
and can be powered down. It is a combination of 
MSR equalling 80H, the head being unloaded and 
the INT pin being low. As shown in the table the 
IDLE pin will be low when the part is in DSR power- 
down state. The PD pin is active whenever the part 
is in the powerdown state. It is active for either mode 
of powerdown. The PD pin can be used to turn off an 
external oscillator of other floppy disk drive interface 
hardware. : 


4.4.2 FDD INTERFACE PINS 


The FDD interface “input” pins during powerdown 
are disabled or unchanged as shown in Table 4-4. 
The floppy disk drive ‘‘output” pins are programma- 
ble by the FDI TRI bit in the auto powerdown com- 
mand. Setting of the FDI TRI bit in the auto power 
down command results in the interface retaining its 
normal state. When this bit is low (default state) all 
Output pins in the FDD interface to the floppy disk 
drive itself are TRISTATED. Pins used for local logic 
control or part programming are unaffected. Table 4- 
4 depicts the state of the floppy disk interface pins in 
the powerdown state (FDI TRI is low). 


Table 4-4. 82077SL FDD Interface Pins 


FDD State in System State in 
Pins Powerdown Pins Powerdown 
Output Pins 
(FDI TRI = 0) 


ME[0:3] 
DS(0:3] 


DIR 
STEP Tristated 
: 


Disabled 
Disabled 
Disabled 
Disabled 
Disabled 
Disabled 
UC 


RDDATA 


5 


TRK 

INDX 

DRV2 
DSKCHG 


= 
rS) 


HDSEL 


=|2 
T1)m 
=iy 
af 
(@) 


DRATE[0:1] 
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5.0 CONTROLLER PHASES 


For simplicity, command handling in the 82077SL 
can be divided into three phases: Command, Execu- 
tion and Result. Each phase is described in the fol- 
lowing secions. 


When there is no command in progress, the 
82077SL can be in idle, drive polling or powerdown 
state. 


5.1 Command Phase 


After a reset, the 82077SL enters the command 
phase and is ready to accept a command from the 
host. For each of the commands, a defined set of 
command code bytes and parameter bytes has to 
be written to the 82077SL before the command 
phase is complete (Please refer to Section 6.0 for 
the command descriptions). These bytes of data 
must be transferred in the order prescribed. 


Before writing to the 82077SL, the host must exam- 
ine the RQM and DIO bits of the Main Status Regis- 
ter. RQM, DIO must be equal to “1” and “0”’ respec- 
tively before command bytes may be written. RQM is 
set false by the 82077SL after each write cycle until 
the received byte is processed. The 82077SL as- 
serts RQM again to request each parameter byte of 
the command, unless an illegal command condition 
is detected. After the last parameter byte is re- 
ceived, RQM remains “0”, and the 82077SL auto- 
matically enters the next phase as defined by the 
command definition. 


The FIFO is disabled during the command phase to 
retain compatibility with the 8272A, and to provide 
for the proper handling of the “Invalid Command” 
condition. 


5.2 Execution Phase 


All data transfers to or from the 82077SL occur dur- 
ing the execution phase, which can proceed in DMA 
or non-DMA mode as indicated in the SPECIFY 
command. 


Each data byte is transferred by an INT or DRQ de- 
pending on the DMA mode. The CONFIGURE com- 
mand can enable the FIFO and set the FIFO thresh- 
old value. : 


The following paragraphs detail the operation of the 
FIFO flow control. In these descriptions, <thresh- 
old> is defined as the number of bytes available to 
the 82077SL when service is requested from the 
host, and ranges from 1 to 16. The parameter FI- 
FOTHR which the user programs is one less, and 
ranges from 0 to 15. 
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A low threshold value (i.e. 2) results in longer peri- 
ods of time between service requests, but requires 
faster servicing of the request, for both read and 
write cases. The host reads (writes) from (to) the 
FIFO until empty (full), then the transfer request 
goes inactive. The host must be very responsive to 
the service request. This is the desired case for use 
with a “fast” system. 


A high value of threshold (i.e. 12) is used with a 
“sluggish” system by affording a long latency period 
after a service request, but results in more frequent 
service requests. 


5.2.1 NON-DMA MODE, TRANSFERS FROM 
THE FIFO TO THE HOST 


The INT pin and RQM bits in the Main Status Regis- 
ter are activated when the FIFO contains (16- 
<threshold>) bytes, or the last bytes of a full sector 
transfer have been placed in the FIFO. The INT pin 
can be used for interrupt driven systems and RQM 
can be used for polled sytems. The host must re- 
spond to the request by reading data from the FIFO. 
This process is repeated until the last byte is trans- 
ferred out of the FIFO. The 82077SL will deactivate 
the INT pin and RQM bit when the FIFO becomes 


empty. 


5.2.2 NON-DMA MODE, TRANSFERS FROM 
THE HOST TO THE FIFO 


The INT pin and RQM bit in the Main Status Register 
are activated upon entering the execution phase of 
data transfer commands. The host must respond to 
the request by writing data into the FIFO. The INT 
pin and RQM bit remain true until the FIFO becomes 
full. They are set true again when the FIFO has 
<threshold> bytes remaining in the FIFO. The INT 
pin will also be deactivated if TC and DACK# both 
go inactive. The 82077SL enters the result phase 
after the last byte is taken by the 82077SL from the 
FIFO (i.e. FIFO empty condition). 


5.2.3 DMA MODE, TRANSFERS FROM THE 
FIFO TO THE HOST 


The 82077SL activates the DRQ pin when the FIFO 
contains (16-—<threshold>) bytes, or the last byte 
of a full sector transfer has been placed in the FIFO. 
The DMA controller must respond to the request by 
reading data from the FIFO. The 82077SL will deac- 
tivate the DRQ pin when the FIFO becomes empty. 
DRQ goes inactive after DACK# goes active for the 
last byte of a data transfer (or on the active edge of 
RD#, on the last byte, if no edge is present on 
DACK#). A data underrun may occur if DRQ is not 
removed in time to prevent an unwanted cycle. 


@ 
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5.2.4 DMA MODE, TRANSFERS FROM THE 
HOST TO THE FIFO 


The 82077SL activates the DRQ pin when entering 
the execution phase of the data transfer commands. 
The DMA controller must respond by activating the 
DACK# and WR# pins and placing data in the 
FIFO. DRQ remains active until the FIFO becomes 
full. DRQ is again set true when the FIFO has 
<threshoid> bytes remaining in the FIFO. The 
82077SL will also deactivate the DRQ pin when TC 
becomes true (qualified by DACK#), indicating that 
no more data is required. DRQ goes inactive after 
DACK# goes active for the last byte of a data trans- 
fer (or on the active edge of WR # of the last byte, if 
no edge is present on DACK #). A data overrun may 
occur if DRQ is not removed in time to prevent an 
unwanted cycle. 


5.2.5 DATA TRANSFER TERMINATION 


The 82077SL supports terminal count explicitly 
' through the TC pin and implicitly through the under- 
run/overrun and end-of-track (EOT) functions. For 
full sector transfers, the EOT parameter can define 
the last sector to be transferred in a single or multi- 
sector transfer. If the last sector to be transferred is 
a partial sector, the host can stop transferring the 
data in mid-sector, and the 82077SL will continue to 
complete the sector as if a hardware TC was re- 
ceived. The only difference between these implicit 
functions and TC is that they return ‘abnormal termi- 
nation” result status. Such status indications can be 
ignored if they were expected. 
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Note that when the host is sending data to the FIFO 
of the 82077SL, the internal sector count will be 
complete when 82077SL reads the last byte from its 
side of the FIFO. There may be a delay in the remov- 
al of the transfer request signal of up to the time 
taken for the 82077SL to read the last 16 bytes from 
the FIFO. The host must tolerate this delay. 


5.3 Result Phase 


The generation of INT determines the beginning of 
the result phase. For each of the commands, a de- 
fined set of result bytes has to be read from the 
82077SL before the result phase is complete. (Refer 
to Section 6.0 on command descriptions.) These 
bytes of data must be read out for another command 
to start. 


RQM and DIO must both equal “1” before the result 
bytes may be read from the FIFO. After all the result 
bytes have been read, the RQM and DIO bits switch 
to “1” and “0” respectively, and the CB bit is 
cleared. This indicates that the 82077SL is ready to 
accept the next command. 


6.0 COMMAND SET/DESCRIPTIONS 


Commands can be written whenever the 82077SL is 
in the command phase. Each command has a 
unique set of needed parameters and status results. 
The 82077SL checks to see that the first byte is a 
valid command and, if valid, proceeds with the com- 
mand. If it was invalid, the next time the RQM bit in 
the MSR register is a “1” the DIO and CB bits will 
also be “1”, indicating the FIFO must be read. A 
result byte of 80H will be read out of the FIFO, indi- 
cating an invalid command was issued. After reading 
the result byte from the FIFO the 82077SL will return 
to the command phase. Table 6-1 is a summary of 
the Command set. 
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Table 6-1. 82077SL Command Set 


Phase R/W wesc Remarks 
D7 Dg Ds Dg D3 D2 D, Do 


READ DATA 


1 Command Codes 
HDS 


Command 


Sector ID information prior 
to Command execution 


=zzzzzzze 


Execution Data transfer between the 
FDD and system 


Status information after 
Command execution 


Result 


Sector ID information after 
Command execution 


pe oe 0 ee 0 eee 0 ee tee te 


Command 


Sector ID information prior 
to Command execution 


Execution Data transfer between the 
FDD and system 


Result EE ET Ber ee ek ee ee eke Se Status information after 


Command execution 


Sector ID information after 
Command execution 


Command Command Codes 


Sector ID information prior 
to Command execution 


Execution Data transfer between the 
system and FDD 


Status information after 
Command execution 


Result 


Sector ID information after 
Command execution 


wD DD 5 By 
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Table 6-1. 82077SL Command Set (Continued) 


in 


D7 De Ds Ds D3 Do D; Do 
WRITE DELETED DATA 


1 Command Codes 
HDS DS1 DSO 


Command 


Sector ID information prior 
to Command execution 


=S==zzzzzzze 


Execution Data transfer between the 
FDD and system 


Result PO et Ben Aer MR es A 5 ner" PES Saar Status information after 
Command execution 


Sector ID information after 
Command execution 


Command 0 1 0 Command Codes 
HDS DS1 DSO 
Sector ID information prior 
to Command execution 


Execution Data transfer between the 
FDD and system. FDC 
‘reads all of cylinders 
contents from index hole to 
EOT 


Result RE a Pee EE. ER See eS SL, Oe, eE Status information after 
Command execution 


Sector ID information after 
Command execution 


1 1 Command Codes 
HDS DS1 


Command 


Sector ID information prior 
to Command execution 


=f==Szzzzzzze 


Execution No data transfer takes 
place 


Status information after 
Command execution 


Result 


Sector ID information after 
Command execution 


Command 0 0 0 1 0 0 0 0 Command Code 
Result 1 0 0 1 0 0 0 0 Enhanced Controller 
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Table 6-1. 82077SL Command Set (Continued) 


Phase R/W DATA BUS 


FORMAT TRACK 


Command Command Codes 
Bytes/Sector 
Sectors/Cylinder 
Gap 3 

Filler Byte 


Saas SS 


Execution 
For Each 
Sector 
Repeat: 


Input Sector 
Parameters 


==== 


82077SL formats an entire 
cylinder 


STO ie _C*|:Ss« Status information after 
ST 1 Command execution 
ST 2 

Undefined 

Undefined 

Undefined 

Undefined 


SCAN EQUAL 


Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


S222 = 


Execution Data Compared 
Between the FDO 
and Main-System 


Status Information 
After Command 
Execution 


Sector ID Information 
After Command 
Execution 


DOUDUVVUID 
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Table 6-1. 82077SL Command Set (Continued) 


DATA BUS ee 


SCAN LOW OR EQUAL 
Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Execution Data Compared 
Between the FDO 
and Main-System 


Status Information 
After Command 
Execution 


Result 


Sector ID Information 
After Command 
Execution 


R 
R 
R 
R 
R 
R 
R 


Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Execution Data Compared 
Between the FDO 
and Main-System 


Status Information 
After Command 
Execution 


Result 


Sector ID Information 
After Command 
Execution 


p28 a © | 0H fe 0 
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Table 6-1. 82077SL Command Set (Continued) 


DATA BUS 
D, D3 
RECALIBRATE 


Execution 


SENSE INTERRUPT STATUS 
Command Command Codes 


Result ET nn ek TEE TIRE PE LD eg ae BS a Status information at the 
end of each seek operation 


Command Command Codes 


Command Command Codes 


Result pT Se ee a en Meee a al Status information about 
FDD 


Command W Command Codes 


Execution Head is positioned over 


0 


Command W 
W 0 0 0 
W 
WwW 


EIS EFIFO POLL 
PRETRK 


Command 
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Table 6-1. 82077SL Command Set (Continued) 


is 


Command *Note 

Execution Registers placed in FIFO 
Result PCN-Drive 0 

PCN-Drive 1 

PCN-Drive 2 

PCN-Drive 3 


= 


+ ee eee a ND 

SC/EOT TR BOL ee SE 
0 D3 Do D; Do GAP WGATE 
EIS EFIFO POLL -_‘FIFOTHR 

PRETRK . 


READ ID 
Command Commands 


HAHUDVDIVIII DD wy 


Execution The first correct ID 
information on the Cylinder 
is stored in Data Register 


Status information after 
Command execution 


Disk status after the 
Command has completed. 


Command Codes 
Dy 


LOCK 


1 0 Command Code 
LOCK 0 


POWERDOWN MODE 


VDI DD Dw 


Command Codes 
FDI MIN DLY AUTO PD 
TRI 


Result FDI MIN DLY AUTO PD 
TRI 


INVALID 


Command ee Se ee ee Ce oo a Invalid Command Codes 
(NoOp — 82077SL goes 
into Standby State) 


Result a a SE a ae ee ST 0 = 80H 


SC is returned if the last command that was issued was the FORMAT command. EOT is returned if the last command was a 
READ or WRITE. 


NOTE: 
These bits are used internally only. They are not reflected in the Drive Select pins. It is the users responsibility to maintain 
correspondence between these bits and the Drive Select pins (DOR). 
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PARAMETER ABBREVIATIONS 


Symbol 
AUTO PD 


DSO, DS1 


DTL 


EC 


EFIFO 


EIS 
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Description 


Auto powerdown control. If this bit is 0, 
then the automatic powerdown is dis- 
abled. If it is set to 1, then the automatic 
powerdown is enabled. 


Cylinder address. The currently select- 
ed cylinder address, 0 to 255. 


Drive Select 0-3. Designates which 
drives are Perpendicular drives, a “1” 
indicating Perpendicular drive. 


Data pattern. The pattern to be written 
in each sector data field during format- 
ting. 

Direction control. If this bit is 0, then the 
head will step out from the spindle dur- 
ing a relative seek. If set to a 1, the 


_ head will step in toward the spindle. 


Disk Drive Select. 


drive 0 


drive 1 
drive 2 
drive 3 


Special sector size. By setting N to zero 
(00), DTL may be used to control the 
number of bytes transferred in disk 
read/write commands. The sector size 
(N = 0) is set to 128. If the actual sec- 
tor (on the diskette) is larger than DTL, 
the remainder of the actual sector is 
read but is not passed to the host dur- 
ing read commands; during write com- 
mands, the remainder of the actual sec- 
tor is written with all zero bytes. The 
CRC check code is calculated with the 
actual sector. When N is not zero, DTL 
has no meaning and should be set to 
FF HEX. 


Enable Count. When this bit is “1” the 
“DTL” parameter of the Verify Com- 
mand becomes SC (Number of sectors 
per track). 


Enable FIFO. When this bit is 0, the 
FIFO is enabled. A “1” puts the 
82077SL in the 8272A compatible 
mode where the FIFO is disabled. 


Enable implied seek. When set, a seek 
operation will be performed before exe- 
cuting any read or write command that 
requires the C parameter in the com- 
mand phase. A “0” disables the implied 
seek. 


Symbol 
EOT 


FDI TRI 


GAP 


GPL 


H/HDS 


HLT 


HUT 


Lock 


MFM 


MIN DLY 


MT 


a 
intel. 
Description 


End of track. The final sector number of 
the current track. 


Floppy Drive Interface Tristate: If this bit 
is 0, then the output pins of the floppy 
disk drive interface are tristated. This is 
also the default state. If it is set to 1, 
then the floppy disk drive interface re- 
mains unchanged. 


Alters Gap 2 length when using Perpen- 
dicular Mode. 


Gap length. The gap 3 size. (Gap 3 is 
the space between sectors excluding 
the VCO synchronization field). 


Head address. Selected head: 0 or 1 
(disk side 0 or 1) as encoded in the sec- 
tor ID field. 


Head load time. The time interval that 
82077SL waits after loading the head 
and before initiating a read or write op- 
eration. Refer to the SPECIFY com- 
mand for actual delays. 


Head unload time. The time interval 
from the end of the execution phase (of 
a read or write command) until the head 
is unloaded. Refer to the SPECIFY 
command for actual delays. 


Lock defines whether EFIFO, FI- 
FOTHR, and PRETRK parameters of 
the CONFIGURE command can be re- 
set to their default values by a ‘‘Soft- 
ware Reset” (Reset made by setting 
the proper bit in the DSR or DOR regis- 
ters). 


MFM/FM mode selector. A one selects 
the double density (MFM) mode. 


Minimum power up time control. This bit 
is active only if AUTO PD bit is enabled. 
Setting this bit to a 0, assigns a 10 ms 
minimum power up time and setting this 
bit to a 1, assigns a 0.5 sec. minimum 
power up time. 


Multi-track selector. When set, this flag 
selects the multi-track operating mode. 
In this mode, the 82077SL treats a 
complete cylinder, under head 0 and 1, 
as a single track. The 82077SL oper- 
ates as if this expanded track started at 
the first sector under head 0 and ended 
at the last sector under head 1. With 
this flag set, a multitrack read or write 
operation will automatically continue to 
the first sector under head 1 when the 
82077SL finishes operating on the last 
sector under head 0. 


intel. 


Symbol 
N 


NCN 


ND 


OW 


PCN 


POLL 


PRETRK 


R 


RCN 


SC 


Description 


Sector size code. This specifies the 
number of bytes in a sector. If this pa- 
rameter is “00’’, then the sector size is 
128 bytes. The number of bytes trans- 
ferred is determined by the DTL param- 
eter. Otherwise the sector size is (2 
raised to the ‘‘N’th’” power) times 128. 
All values up to “07” hex are allowable. 
“07h would equal a sector size of 16k. 
It is the users responsibility to not select 
combinations that are not possible with 
the drive. 


128 bytes 
256 bytes 
512 bytes 
1024 bytes 


16 Kbytes 


New cylinder number. The desired cylin- 
der number. 


Non-DMA mode flag. When set to 1, in- 
dicates that the 82077SL is to operate 
in the non-DMA mode. In this mode, the 
host is interrupted for each data trans- 
fer. When set to 0, the 82077SL oper- 
ates in DMA mode, interfacing to a 
DMA controller by means of the DRQ 
and DACK# signals. 


The bits denoted Do, Dy, Do, and Dg of 
the PERPENDICULAR MODE com- 
mand can only be overwritten when the 
OW bit is set to 1” 


Present cylinder number. The current 
position of the head at the completion 
of SENSE INTERRUPT STATUS com- 
mand. 


Polling disable. When set, the internal 
polling routine is disabled. When clear, 
polling is enabled. 


Precompensation start track number. 
Programmable from track 00 to FFH. 


Sector address. The sector number to 
be read or written. In multi-sector trans- 
fers, this parameter specifies the sector 
number of the first sector to be read or 
written. 


Relative cylinder number. Relative cylin- 
der offset from present cylinder as used 
by the RELATIVE SEEK command. 


Number of sectors. The number of sec- 
tors to be initialized by the FORMAT 
command. The number of sectors to be 
verified during a Verify Command, when 
EC is set. 


~WGATE 
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Symbol Description 


SK Skip flag. When set to 1, sectors con- 
taining a deleted data address mark will 
automatically be skipped during the ex- 
ecution of READ DATA. If READ DE- 
LETED is executed, only sectors with a 
deleted address mark will be accessed. 
When set to “0”, the sector is read or 
written the same as the read and write 
commands. 


Step rate interval. The time interval be- 
tween step pulses issued by the 
82077SL. Programmable from 0.5 to 8 
milliseconds, in increments of 0.5 ms at 
the 1 Mbit data rate. Refer to the SPEC- 
IFY command for actual delays. 


STO Status register 0-3. Registers within 

ST1 the 82077SL that store status informa- 

ST2 tion after a command has been execut- 

ST3 ed. This status information is available 
to the host during the result phase after 
command execution. 


Write gate alters timing of WE, to allow 
for pre-erase loads in perpendicular 
drives. 


SRT 


6.1 Data Transfer Commands 


All of the READ DATA, WRITE DATA and VERIFY 
type commands use the same parameter bytes and 
return the same results information. The only differ- 
ence being the coding of bits 0-4 in the first byte. 


An implied seek will be executed if the feature was 
enabled by the CONFIGURE command. This seek is 
completely transparent to the user. The Drive Busy 
bit for the drive will go active in the Main Status Reg- 
ister during the seek portion of the command. If the 
seek portion fails, it will be reflected in the results 
status normally returned for a READ/WRITE DATA 
command. Status Register 0 (STO) would contain 
the error code and C would contain the cylinder on 
which the seek failed. 


6.1.1 READ DATA 


A set of nine (9) bytes is required to place the > 
82077SL into the Read Data Mode. After the READ 
DATA command has been issued, the 82077SL 
loads the head (if it is in the unloaded state), waits 
the specified head settling time (defined in the 
SPECIFY command), and begins reading ID Address 
Marks and ID fields. When the sector address read 
off the diskette matches with the sector address 
specified in the command, the 82077SL reads the 
sector’s data field and transfers the data to the 
FIFO: 
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After completion of the read operation from the cur- 
rent sector, the sector address is incremented by 
one, and the data from the next logical sector is read 
and output via the FIFO. This continuous read func- 
tion is called “Multi-Sector Read Operation”. Upon 
receipt of TC, or an implied TC (FIFO overrun/un- 
derrun), the 82077SL stops sending data, but will 
continue to read data from the current sector, check 
the CRC bytes, and at the end of the sector termi- 
nate the READ DATA Command. 


N determines the number of bytes per sector (see 
Table 6-2 below). If N is set to zero, the sector size 
is set to 128. The DTL value determines the number 
of bytes to be transferred. If DTL is less than 128, 
the 82077SL transfers the specified number of bytes 
to the host. For reads, it continues to read the entire 
128 byte sector and checks for CRC errors. For 
writes it completes the 128 byte sector by filling in 


zeroes. If N is not set to 00 Hex, DTL should be set . 


to FF Hex, and has no impact on the number of 
bytes transferred. 


Table 6-2. Sector Sizes 


128 bytes 
256 bytes 
512 bytes 
1024 bytes 


16 Kbytes 


The amount of data which can be handled with a 
single command to the 82077SL depends upon MT 
(multi-track) and N (Number of bytes/sector). 


Table 6-3. Effects of MT and N Bits 


MT Max. Transfer Final Sector 
Capacity Read from Disk 


256 X 26 = 6,656 | 26 at side O or 1 
256 X 52 = 13,312 | 26 at side 1 
512 x 15 = 7,680 | 15 at side 0 or 1 
512 < 30 = 15,360 | 15 at side 1 
1024 xk 8= 8,192 | 8atsideOor1 
1024 < 16 = 16,384 | 16 at side 1 


The Multi-Track function (MT) allows the 82077SL to 
read data from both sides of the diskette. For a par- 
ticular cylinder, data will be transferred starting at 
Sector 1, Side 0 and completing at the last sector of 
the same track at Side 1. 


If the host terminates a read or write operation in the 
82077SL, then the ID information in the result phase 
is dependent upon the state of the MT bit and EOT 
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byte. Refer to Table 6-6. The termination must be 
normal. 


At the completion of the READ DATA Command, 
the head is not unloaded until after the Head Unload 
Time Interval (specified in the SPECIFY command) 
has elapsed. If the host issues another command 
before the head unloads then the head settling time 
may be saved between subsequent reads. 


If the 82077SL detects a pulse on the IDX pin twice 
without finding the specified sector (meaning that 
the diskette’s index hole passes through index de- 
tect logic in the drive twice), the 82077SL sets the IC 
code in Status Register 0 to “01” (Abnormal termi- 
nation), and sets the ND bit in Status Register 1 to 
“1” indicating a sector not found, and terminates the 
READ DATA Command. 


After reading the ID and Data Fields in each sector, 
the 82077SL checks the CRC bytes. If a CRC error 
occurs in the ID or data field, the 82077SL sets the 
IC code in Status Register 0 to 01” (Abnormal ter- 
mination), sets the DE bit flag in Status Register 1 to 
°1” sets the DD bit in Status Register 2 to “1” if 
CRC is incorrect in the ID field, and terminates the 
READ DATA Command. 


Table 6-4 below describes the affect of the SK bit on 
the READ DATA command execution and results. 


Table 6-4. Skip Bit vs READ DATA Command 


i Mark Type | Sector| CM Bit of| Description 
Value | Encountered | Read? | ST2 Set?| of Results 


Normal Data 


Normal 
Termination. 
Address Not 
Incremented. 
Next Sector 


Deleted Data 


Not Searched 
For. 

Normal 
Termination. 
Normal 
Termination 
Sector Not 
Read 
(“Skipped”’). 


Normal Data 


Deleted Data 


4 
Except where noted in Table 6-4, the C or R value of 
the sector address is automatically incremented 
(see Table 6-6). 
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6.1.2 READ DELETED DATA 


This command is the same as the READ DATA com- 
mand, only it operates on sectors that contain a De- 
leted Data Address Mark at the beginning of a Data 
Field. 


Table 6-5 describes the affect of the SK bit on the 
READ DELETED DATA command execution and re- 
sults. 


Table 6-5. Skip Bit vs 
READ DELETED DATA Command 


Sector | CM Bit of} Description 
Read? | ST2 Set? of Results 


Yes Yes Address Not 
incremented. 
Next Sector 
Not Searched 
For. 

Yes No Normal 
Termination. 

No Yes Normal 
Termination 
Sector Not 
Read 
(“Skipped’’). 

Yes No Normal 
Termination. 


vs Data Address 
Mark Type 
Paid Encountered 


Normal Data 


Deleted Data 


Normal Data 


Deleted Data 
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Except where noted in Table 6-5 above, the C or R 
value of the sector address is automatically incre- 
mented (See Table 6-6). 


6.1.3 READ TRACK 


This command is similar to the READ DATA com- 
mand except that the entire data field is read contin- 
uously from each of the sectors of a track. Immedi- 
ately after encountering a pulse on the IDX pin, the 
82077SL starts to read all data fields on the track as 
continuous blocks of data without regard to logical 
sector numbers. If the 82077SL finds an error in the 
ID or DATA CRC check bytes, it continues to read 
data from the track and sets the appropriate error 
bits at the end of the command. The 82077SL com- 
pares the ID information read from each sector with 
the specified value in the command, and sets the 
ND flag of Status Register 1 to a ‘‘1” if there is no 
comparison. Multi-track or skip operations are not 
allowed with this command. The MT and SK bits 
(Bits D7 and D5 of the first command byte respec- 
tively) should always be set to “0”. 


This command terminates when the EOT specified 
number of sectors have been read. If the 82077SL 
does not find an ID Address Mark on the diskette 
after the second occurrence of a pulse on the IDX 
pin, then it sets the IC code in Status Register 0 to 
“01” (Abnormal termination), sets the MA bit in 
Status Register 1 to “1”, and terminates the com- 
mand. 


Table 6-6. Result Phase Table 


Less than EOT 


MT Final Sector Transferred i 


Less than EOT — - 
Equal to EOT 


G06 mcrae occ 

[teesthan oT [| _ Ne 
=. 
[tessa oT ‘| No 
2a seee semen or ae 


ID Information at Result Phase 


eg TP Os LE CNG: 2 | 
a a oo 
LNG. | Bed Tae, 
PNG | ot | NG || 
| NG | Ret! NG 
| isa | oot | NC 
ee ee 
p tsa | oot | NC 


NC: no change, the same value as the one at the beginning of command execution. 


LSB: least significant bit, the LSB of H is complemented. 
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6.1.4 WRITE DATA 


After the WRITE DATA command has been issued, 
the 82077SL loads the head (if it is in the unloaded 
state), waits the specified head load time if unloaded 
(defined in the SPECIFY command), and begins 
reading ID Fields. When the sector address read 
from the diskette matches the sector address speci- 
fied in the command, the 82077SL reads the data 
from the host via the FIFO, and writes it to the sec- 
tor’s data field. 


After writing data into the current sector, the 
82077SL computes the CRC value and writes it into 
the CRC field at the end of the sector transfer. The 
Sector Number stored in ‘‘R” is incremented by one, 
and the 82077SL continues writing to the next data 
field. The 82077SL continues this ‘Multi-Sector 
Write Operation”. Upon receipt of a terminal count 
signal or if a FIFO over/under run occurs while a 
data field is being written, then the remainder of the 
data field is filled with zeros. 


The 82077SL reads the ID field of each sector and 
checks the CRC bytes. If it detects a CRC error in 
one of the ID Fields, it sets the IC code in Status 
Register 0 to “01” (Abnormal termination), sets the 
DE bit of Status Register 1 to “1”, and terminates 
the WRITE DATA command. 


The WRITE DATA command operates in much the 
same manner as the READ DATA command. The 
following items are the same. Please refer to the 
READ DATA Command for details: 


e Transfer Capacity 

e EN (End of Cylinder) bit 

e ND (No Data) bit | 
e Head Load, Unload Time Interval 


e |D information when the host terminates the com- 
mand. 


® Definition of DTL when N = 0 and when N does 
not = 0. 
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This command is almost the same as the WRITE 
DATA command except that a Deleted Data Ad- 
dress Mark is written at the beginning of the Data 
Field instead of the normal Data Address Mark. This 
command is typically used to mark a bad sector con- 
taining an error on the floppy disk. 


6.1.5 WRITE DELETED DATA 


6.1.6 VERIFY 


The VERIFY command is used to verify the data 
stored on a disk. This command acts exactly like a 
READ DATA command except that no data is trans- 
ferred to the host. Data is read from the disk, CRC 
computed and checked against the previously 
stored value. 


Because no data is transferred to the host, TC (pin 
25) cannot be used to terminate this command. By 
setting the EC bit to “1” an implicit TC will be issued 
to the 82077SLL. This implicit TC will occur when the 
SC value has decrement to 0 (an SC value of'0 will 
verify 256 sectors). This command can also be ter- 
minated by setting the EC bit to “0” and the EOT 
value equal to the final sector to be checked. If EC is 
set to “0” DTL/SC should be programmed to OFFH. 
Refer to Table 6-6 and Table 6-7 for information 
concerning the values of MT and EC versus SC and 
EOT value. 


Definitions: 


# Sectors Per Side = Number of formatted sectors 
per each side of the disk. 


# Sectors Remaining = Number of formatted sec- 
tors left which can be read, including side 1 of the 
disk if MT is set to “1”. 
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Table 6-7. Verify Command Result Phase Table 


SC = DTL 


SC = DTL 


SO = OTL 


NOTE: 
If MT is set to 1” and the SC value is greater than the number of remaining formatted sectors on Side 0, verifying will 
continue on Side 1 of the disk. 


6.1.7 FORMAT TRACK 


The FORMAT command allows an entire track to be 
formatted. After a pulse from the IDX pin is detected, 
the 82077SL starts writing data on the disk including 
Gaps, Address Marks, ID Fields and Data Fields, per 
the IBM System 34 (MFM). The particular values 
that will be written to the gap and data field are con- 
trolled by the values programmed into N, SC, GPL, 
and D which are specified by the host during the 
command phase. The data field of the sector is filled 
with the data byte specified by D. The ID Field for 
each sector is supplied by the host; that is, four data 
bytes per sector are needed by the 82077SL for C, 
H, R, and N (cylinder, head, sector number and sec- 
tor size respectively). 


SC/EOT Value Termination Result 


EOT < # Sectors Per Side 


EOT > # Sectors Per Side 


SC < # Sectors Remaining 
AND 
EOT < # Sectors Per Side 


SC > # Sectors Remaining 
OR 
EOT > # Sectors Per Side 


SC = DTL Successful Termination 
EOT < # Sectors Per Side Result Phase Valid 


EOT > # Sectors Per Side 


SC < # Sectors Remaining 
AND 
EOT < # Sectors Per Side 


SC > # Sectors Remaining 
OR 
EOT > # Sectors Per Side 


Successful Termination 
Result Phase Valid 
Unsuccessful Termination 
Result Phase Invalid 
Successful Termination 
Result Phase Valid 


Unsuccessful Termination 
Result Phase Invalid 


Unsuccessful Termination 
Result Phase Invalid 


Successful Termination 
Result Phase Valid 


Unsuccessful Termination 
Result Phase Invalid 


After formatting each sector, the host must send 
new values for C, H, R and N to the 82077SL for the 
next sector on the track. The R value (sector num- 
ber) is the only value that must be changed by the 
host after each sector is formatted. This allows the 
disk to be formatted with nonsequential sector ad- 
dresses (interleaving). This incrementing and for- 
matting continues for the whole track until the 
82077SL encounters a pulse on the IDX pin again 
and it terminates the command. 


Table 6-8 contains typical values for gap fields which 
are dependent upon the size of the sector and the 
number of sectors on each track. Actual values can 
vary due to drive electronics. 
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Table 6-8. Typical Values for Formatting 


5.25” Drives 


3.5” Drives 


GPL1 = suggested GPL values in read and write commands to avoid splice point between data field and ID field of contigu- 
Ous sections. 

GPL2 = suggested GPL value in FORMAT TRACK command. 

*PC-AT values (typical) 

**PS/2 values (typical). Applies with 1.0 MB and 2.0 MB drives. 


NOTE: 
All values except Sector Size are in Hex. 
6.1.7.1 Format Fields 


GAP 4a | SYNC | 1AM | GAP 1] SYNC | IDAM | : : GAP 2 | SYNC | DATA AM | AM c 
80x 12x 3x me be 3x 22x 12x 3x FB R | GAP 3 | GAP 4b 
4E 00 C2 FC Al re 4E 00 Al F8 C 


Figure 6-1. System 34 Format Double Density 


GAP 4a sync | 1AM | GAP 1 BNC ‘cz : GAP 2 a | DATA AM | AM 
40x 6x as 11x 
FF 00 FF FB or F8 


ARS 6-2. System 3740 Format Single Density 


GAP 4a sync | 1AM | GAP 1 | SYNC | IDAM : ; GAP 2 | SYNC | DATA AM AM 
80x 12x | 3x oi ie 3x 41x 12x | 3, | FB GAP 3 | GAP 4b 
4€ Oy Ice Al 4E |} 00 | a1 | F8 


Cc 
R | GAP 3 | GAP 4b 
Cc 


Figure 6-3. Perpendicular Format 
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6.1.8 SCAN COMMANDS 


The SCAN Commands allow data which is being 
read from the diskette to be compared against data 
which is being supplied from the main system (Proc- 
essor in NON-DMA mode, and DMA Controller in 
DMA mode). The FDC compares the data on a byte- 
by-byte basis, and looks for a sector of data which 
meets the conditions of Depo = Dprocessor, DEDO 
< Dprocessor: Of DFpo 2 Dprocessor- Ones comple- 
ment arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole 
sector of data is compared, if the conditions are not 
met, the sector number is incremented (R_ + 
STP — R), and the scan operation is continued. 
The scan operation continues until one of the follow- 
ing conditions occurs; the conditions for scan are 
met (equal, low, or high), the last sector on the track 
is reached (EOT), or the terminal count signal is re- 
ceived. 


If the conditions for scan are met then the FDC sets 
the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the 
conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the 
cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or 
DMA Controller during the scan operation will cause 
the FDC to complete the comparison of the particu- 
lar byte which is in process, and then to terminate 
the command. Table 6-9 shows the status of bits SH 
and SN under various conditions of SCAN. 
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If the FDC encounters a Deleted Data Address Mark 
on one of the sectors (and SK = 0), then it regards 
the sector as the last sector on the cylinder, sets CM 
(Control Mark) flag of Status Register 2 to a 1 (high) 
and terminates the command. If SK = 1, the FDC 
skips the sector with the Deleted Address Mark, and 
reads the next sector. In the second case (SK = 1), 
the FDC sets the CM (Control Mark) flag of Status 
Register 2 to a 1 (high) in order to show that a Delet- 
ed Sector has been encountered. 


When either the STP (contiguous sectors STP = 01, 
or alternate sectors STP = 02) sectors are read or 
the MT (Multi-Track) is programmed, it is necessary 
to remember that the last sector on the track must 
be read. For example, if STP = 02, MT = 0, the 
sectors are numbered sequentially 1 through 26, 
and we start the Scan Command at sector 21; the 
following will happen. Sectors 21, 23, andf 25 will be 
read, then the next sector (26) will be skipped and 
the Index Hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnor- 
mal termination of the command. If the EOT had 
been set at 25 or the scanning started at sector 20, 
then the Scan Command would be completed in a 
normal manner. 


During the Scan Command data is supplied by either 
the processor or DMA Controller for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to ahve the data available 


in less than 27 ws (FM Mode) or 13 ws (MFM Mode). 


lf an Overrun occurs the FDC terminates the com- 


Table 6-9. Scan Status Codes 


Scan Low or Equal 


Scan High or Equal 


Status Register 2 


1 
0 
0 


0 
0 
1 
0 
0 
1 


mand. 


DFpo = Dprocessor 
Depo + DProcessor 


Depo = Dprocessor 
DEDo < DProcessor 
DFpo > DProcessor 


Depo = Dprocessor 
Depo “i DProcessor 
DeEbo ¢ Dprocessor 
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6.2 Control Commands 


Control commands differ from the other commands 
in that no data transfer takes place. Three com- 
mands generate an interrupt when complete; READ 
ID, RECALIBRATE and SEEK. The other control 
commands do not generate an interrupt. 


6.2.1 READ ID 


The READ ID command is used to find the present 
position of the recording heads. The 82077SL stores 
the values from the first ID Field it is able to read into 
its registers. If the 82077SL does not find an ID Ad- 
dress Mark on the diskette after the second occur- 
rence of a pulse on the IDX pin, it then sets the IC 
code in Status Register 0 to “01” (Abnormal termi- 
nation), sets the MA bit in Status Register 1 to “1”, 
and terminates the command. 


The following commands will generate an interrupt 
upon completion. They do not return any result 
bytes. It is highly recommended that control com- 
mands be followed by the SENSE INTERRUPT 
STATUS command. Otherwise, valuable interrupt 
status information will be lost. 


6.2.2 RECALIBRATE 


This command causes the read/write head within 
the 82077SL to retract to the track 0 position. The 
82077SL clears the contents of the PCN counter, 
and checks the status of the TRKO pin from the 
FDD. As long as the TRKO pin is low, the DIR pin 
remains 0 and step pulses are issued. When the 
TRKO pin goes high, the SE bit in Status Register 0 
is set to “1”, and the command is terminated. If the 
TRKO pin is still low after 79 step pulses have been 
issued, the 82077SL sets the SE and the EC bits of 
Status Register 0 to “1”, and terminates the com- 
mand. Disks capable of handling more than 80 
tracks per side may require more than one RECALI- 
BRATE command to return the head back to physi- 
cal Track 0. 


The RECALIBRATE command does not have a re- 
sult phase. SENSE INTERRUPT STATUS command 
must be issued after the RECALIBRATE command 
to effectively terminate it and to provide verification 
of the head position (PCN). During the command 
phase of the recalibrate operation, the 82077SL is in 
the BUSY state, but during the execution phase it is 
in a NON BUSY state. At this time another RECALI- 
BRATE command may be issued, and in this man- 
ner, parallel RECALIBRATE operations may be 
done on up to 4 drives at once. 
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Upon power up, the software must issue a RECALI- 
BRATE command to properly initialize all drives and 
the controller. 


6.2.3 SEEK 


The read/write head within the drive is moved from 
track to track under the control of the SEEK Com- 
mand. The 82077SL compares the PCN which is the 
current head position with the NCN and performs 
the following operation if there is a difference: 


—PCN < NCN: Direction signal to drive set to “1” 
(step in), and issues step pulses. 


—PCN > NCN: Direction signal to drive set to “0” 
(step out), and issues step pulses. 


The rate at which step pulses are issued is con- 
trolled by SRT (Stepping Rate Time) in the SPECIFY 
command. After each step pulse is issued, NCN is 
compared against PCN, and when NCN = PCN, 
then the SE bit in Status Register 0 is set to “1”, and 
the command is terminated. 


During the command phase of the seek or recali- 
brate operation, the 82077SL is in the BUSY state, 
but during the execution phase it is in the NON 
BUSY state. 


Note that if implied seek is not enabled, the read and 
write commands should be preceded by: 


1) SEEK command; Step to the proper track 


2) SENSE INTERRUPT Terminate the Seek 
STATUS command; command 


3) READ ID. Verify head is on 
proper track 


4) Issue READ/WRITE 
command. 


The SEEK command does not have a result phase. 
Therefore, it is highly recommended that the SENSE 
INTERRUPT STATUS Command be issued after the 
SEEK command to terminate it and to provide verifi- 
cation of the head position (PCN). The H bit (Head 
Address) in STO will always return a ‘0’. When exit- 
ing DSR POWERDOWN mode, the 82077SL clears 
the PCN value and the status information to zero. 
Prior to issuing the DSR POWERDOWN command, 
it is highly recommended that the user service all 
pending interrupts through the SENSE INTERRUPT 
STATUS command. 


6.2.4 SENSE INTERRUPT STATUS 


An interrupt signal on INT pin is generated by the 
82077SL for one of the following reasons: 


- 
intel. 
1. Upon entering the Result Phase of: 
a. READ DATA Command 
b. READ TRACK Command 
READ ID Command 
READ DELETED DATA Command 
WRITE DATA Command 
f. FORMAT TRACK Command 
g. WRITE DELETED DATA Command 


h. VERIFY Command 


2. End of SEEK, RELATIVE SEEK or RECALI- 
BRATE Command 


3. 82077SL requires a data transfer during the exe- 
cution phase in the non-DMA Mode 


20 


The SENSE INTERRUPT STATUS command resets 
the interrupt signal and via the IC code and SE bit of 
Status Register 0, identifies the cause of the inter- 
rupt. If a SENSE INTERRUPT STATUS command is 
issued when no active interrupt condition is present, 
the status register STO will return a value of 80H 
(invalid command). 


Tabie 6-9. Interrupt Identification 


[ee [ic | __terruptbueTo 


0 11 | Polling 

1 00 | Normal Termination of SEEK or 
RECALIBRATE command 

1 01 | Abnormal Termination of SEEK or 
RECALIBRATE command 


The SEEK, RELATIVE SEEK and the RECALI- 
BRATE commands have no result phase. SENSE 
INTERRUPT STATUS command must be issued im- 
mediately after these commands to terminate them 
and to provide verification of the head position 
(PCN). The H (Head Address) bit in STO will always 
return a “O”. If a SENSE INTERRUPT STATUS is 
not issued, the drive, will continue to be BUSY and 
may effect the operation of the next command. 


6.2.5 SENSE DRIVE STATUS 


SENSE DRIVE STATUS obtains drive status infor- 
mation. It has no execution phase and goes directly 
to the result phase from the command phase. 
STATUS REGISTER 3 contains the drive status in- 
formation. 


6.2.6 SPECIFY 


The SPECIFY command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload Time) defines the time from the end of the 
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execution phase of one of the read/write commands 
to the head unload state. The SRT (Step Rate Time) 
defines the time interval between adjacent step 
pulses. Note that the spacing between the first and 
second step pulses may be shorter than the remain- 
ing step pulses. The HLT (Head Load Time) defines 
the time between the Head Load signal goes high 
and the read, write operation starts. The values 
change with the data rate speed selection and are 
documented in Table 6-10. The values are the same 
for MFM and FM. 


Table 6-10. Drive Control cs = 


BE 1M 500K 300K 250K/1M 500K 300K 250K 


26./  .32 


500K 300K 250K 


The choice of DMA or NON-DMA operations is 
made by the ND bit. When this bit is “1”, the NON- 
DMA mode is selected, and when ND is “0”, the 
DMA mode is selected. In DMA mode, data transfers 
are signalled by the DRQ pin. Non-DMA mode uses 
the RQM bit and the INT pin to signal data transfers. 


6.2.7 CONFIGURE 


Issued to select the special features of the 82077S L. 
A CONFIGURE command need not be issued if the 
default values of the 82077SL meet the system re- 
quirements. 


CONFIGURE DEFAULT VALUES: 


EIS — No Implied Seeks 
EFIFO §—FIFO Disabled 
POLL — Polling Enabled 


FIFOTHR — FIFO Threshold Set to 1 Byte 
PRETRK — Pre-Compensation Set to Track 0 
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ElS—Enable implied seek. When set to ‘1’, the 
82077SL will perform a SEEK operation before exe- 
cuting a read or write command. Defaults to no im- 
plied seek. 


EFIFO—A “1” puts the FIFO into the 8272A com- 
patible mode where the FIFO is disabled. This 
means data transfers are asked for on a byte by byte 
basis. Defaults to “1’”’, FIFO disabled. The threshold 
defaults to one. 


POLL—Disable polling of the drives. Defaults to “O”’, 
polling enabled. When enabled, a single interrupt is 
generated after a RESET. No polling is performed 
while the drive head is loaded and the head unload 
delay has not expired. 


FIFOTHR—The FIFO threshold in the execution 
phase of read or write commands. This is program- 
mable from 1 to 16 bytes. Defaults to one byte. A 
00” selects one byte “OF” selects 16 bytes. 


PRETRK—Pre-compensation start track number. 
Programmable from track 0 to 255. Defaults to track 
0. A “00” selects track 0, “FF’’ selects 255. 


6.2.8 VERSION 


| 


The VERSION command checks to see if the con- 
troller is an enhanced type or the older type (8272A/ 
765A). A value of 90 H is returned as the result byte, 
defining an enhanced FDD controller is in use. No 
interrupts are generated. 


6.2.9 RELATIVE SEEK 


The command is coded the same as for SEEK, ex- 
cept for the MSB of the first byte and the DIR bit. 


DIR Head Step Direction Control. 


0 Step Head Out 
1 Step Head In 


RCN Relative Cylinder Number that determines 
how many tracks to step the head in or out 
from the current track number. 


The RELATIVE SEEK command differs from the 
SEEK command in that it steps the head the abso- 
lute number of tracks specified in the command in- 
stead of making a comparison against an internal 
register. The SEEK command is good for drives that 
support a maximum of 256 tracks. RELATIVE 
SEEKs cannot be overlapped with other RELATIVE 
SEEKs. Only one RELATIVE SEEK can be active at 
a time. Bit 4 of Status Register 0 (EC) will be set if 
RELATIVE SEEK attempts to step outward beyond 
Track 0. 
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As an example, assume that a floppy drive has 300 
useable tracks and that the host needs to read track 
300 and the head is on any track (0-255). If a SEEK 
command was issued, the head would stop at track 
255. If a RELATIVE SEEK command was issued, the 
82077SL would move the head the specified num- 
ber of tracks, regardless of the internal cylinder posi- 
tion register (but would increment the register). If the 
head had been on track 40 (D), the maximum track 
that the 82077SL could position the head on using 
RELATIVE SEEK, would be 296 (D), the initial track, 
+ 256 (D). The maximum count that the head can be 
moved with a single RELATIVE SEEK command is 
256 (D). 


The internal register, PCN, would overflow as the 
cylinder number crossed track 255 and would con- 
tain 40 (D). The resulting PCN value is thus (NCN + 
PCN) mod 256. Functionally, the 82077SL starts 
counting from 0 again as the track number goes 
above 255(D). It is the users responsibility to com- 
pensate 82077SL functions (precompensation track 
number) when accessing tracks greater than 255. 
The 82077SL does not keep track that it is working 
in an “extended track area’ (greater than 255). Any 
command issued would use the current PCN value 
except for the RECALIBRATE command which only 
looks for the TRACKO signal. RECALIBRATE would 
return an error if the head was farther than 79 due to 
its limitation of issuing a maximum 80 step pulses. 
The user simply needs to issue a second RECALI- 
BRATE command. The SEEK command and implied 
seeks will function correctly within the 44 (D) track 
(299-255) area of the “extended track area’. It is 
the users responsibility not to issue a new track posi- 
tion that would exceed the maximum track that is 
present in the extended area. 


To return to the standard floppy range (0-255) of 
tracks, a RELATIVE SEEK would be issued to cross 
the track 255 boundary. 


A RELATIVE SEEK can be used instead of the nor- 
mal SEEK but the host is required to calculate the 
difference between the current head location and 
the new (target) head location. This may require the 
host to issue a READ ID command to ensure that 
the head is physically on the track that software as- 
sumes it to be. Different 82077SL commands will 
return different cylinder results which may be difficult 
to keep track of with software without the READ ID 
command. 


6.2.10 DUMPREG 
The DUMPREG command is designed to support 


system run-time diagnostics and application soft- 
ware development and debug. 
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6.2.11 PERPENDICULAR MODE COMMAND 


The PERPENDICULAR MODE command should be 
issued prior to executing READ/WRITE/FORMAT 
commands that access a disk drive with perpendicu- 
lar recording capability. With this command, the 
length of the Gap2 field and VCO enable timing can 
be altered to accommodate the unique requirements 
of these drives. Table 6-11 describes the effects of 
the WGATE and GAP bits for the PERPENDICULAR 
MODE command. Upon a reset, the 82077SL will 
default to the conventional mode (WGATE = 0, 
GAP = 0). 


Selection of the 500 Kbps and 1 Mbps perpendicular 
modes is independent of the actual data rate select- 
ed in the Data rate Select Register. The user must 
ensure that the two data rates remain consistent. 


The Gap2 and VCO timing requirements for perpen- 
dicular recording type drives are dictated by the de- 
sign of the read/write head. In the design of this 
head, a pre-erase head precedes the normal read/ 
write head by a distance of 200 micrometers. This 
works out to about 38 bytes at a 1 Mbps recording 
density. Whenever the write head is enabled by the 
Write Gate signal the pre-erase head is also activat- 
ed at the same time. Thus, when the write head is 
initially turned on, flux transitions recorded on the 
media for the first 38 bytes will not be precondi- 
tioned with the pre-erase head since it has not yet 
been activated. To accommodate this head activa- 
tion and deactivation time, the Gap2 field is expand- 
ed to a length of 41 bytes. The format field shown in 
Figure 5-3 illustrates the change in the Gap2 field 
size for the perpendicular format. 
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On the read back by the 82077SL, the controller 
must begin synchronization at the beginning of the 
Sync field. For the conventional mode, the internal 
PLL VCO is enabled (VCOEN) approximately 24 
bytes from the start of the Gap2 field. But when the 
controller operates in the 1 Mbps perpendicular 
mode (WGATE = 1, GAP = 1), VCOEN goes active 
after 43 bytes to accommodate the increased Gap2 
field size. For both cases, an approximate 2 byte 
cushion is maintained from the beginning of the sync 
field for the purposes of avoiding write splices in the 
presence of motor speed variation. 


For the WRITE DATA case, the 82077SL activates 
Write Gate at the beginning of the sync field under 
the conventional mode. The controller then writes a 
new sync field, data address mark, data field, and 
CRC as shown in Figure 6-1. With the pre-erase 
head of the perpendicular drive, the write head must 
be activated in the Gap2 field to insure a proper 
write of the new sync field. For the 1 Mbps perpen- 
dicular mode (WGATE = 1, GAP = 1), 38 bytes will 
be written in the Gap2 space. Since the bit density is 
proportional to the data rate, 19 bytes will be written 
in the Gap2 field for the 500 Kbps perpendicular 
mode (WGATE = 1, GAP = 0). 


It should be noted that none of the alterations in 
Gap2 size, VCO timing, or Write Gate timing affect 
normal program flow. The information provided here 
is just for background purposes and is not needed 
for normal operation. Once the PERPENDICULAR 
MODE command is invoked, 82077SL software be- 
havior from the user standpoint is unchanged. 


Table 6-11. Effects of WGATE and GAP Bits 


‘~VCO Low 
Time after 
Index Pulse 


GAP WGATE 


33 Bytes 
33 Bytes 


Conventional Mode 
Perpendicular Mode 


(500 Kbps Data Rate) 
Reserved 
(Conventional) 
Perpendicular Mode 
(1 Mbps Data Rate) 


33 Bytes 


18 Bytes 


NOTE: 


Gap2 Format | Written by Write 


Portion of Gap2 Gap2 VCO 


Low Time for 
Data Operation | Read Operations 
0 Bytes 24 Bytes 
19 Bytes 24 Bytes 


Length of 


Field 


22 Bytes 
22 Bytes 


22 Bytes 0 Bytes 24 Bytes 


41 Bytes 38 Bytes 43 Bytes 


When either GAP or WGATE bit is set, the current value of precompensation in the DSR is used. 
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6.2.12 POWERDOWN MODE COMMAND 


The POWERDOWN MODE command allows the au- 
tomatic power management of the 82077SL. This 
especially allows the extension of battery life in por- 
table PC systems. This command should be issued 
during the BIOS power on self test (POST) to enable 
auto powerdown. 


As soon as the command is enabled, a 10 ms ora 
0.5 sec minimum power up timer is initiated depend- 
ing on whether the MIN DLY bit is set to 0 or 1. This 
timer is one of the required conditions that has to be 
satisfied before the part will enter auto powerdown. 
Any software reset will reinitialize the timer. The tim- 
er countdown is also extended by up to 10 ms if the 
data rate is changed during the timer’s countdown. 
Without this timer 82077SL would have been put to 
sleep immediately after 82077SL is idle. The mini- 
mum delay gives software a chance to interact with 
82077SL without incurring an additional overhead 
due to recovery time. 


The command also allows the output pins of floppy 
disk drive interface to be tristated or left unaltered 
during auto powerdown. This is done by the FDI TRI 
bit. In the default condition (FDI TRI = 0) the output 
pins of the floppy disk drive are tristated. Setting this 
bit leaves the interface unchanged from the normal 
state. 


The results phase returns the values programmed 
for MIN DLY, FDI TRI and AUTO PD. The results 
phase of the auto powerdown mode command has 
its two most significant bits set to zero to distinguish 
it from the 82077AA’s command of the same value 
which returns an “Illegal Command” status of 80H. 
The auto powerdown mode is disabled by a hard- 
ware reset. Software results have no effect on the 
POWERDOWN MODE command parameters. 


6.3 Command Set Enhancements 


The PERPENDICULAR MODE and DUMPREG com- 
mands were enhanced along with the addition of a 
new LOCK command in the 82077AA. These en- 


Old PERPENDICULAR MODE command: 


NOTE: 


Data Bus 


Phase R/W 
Wy DE Ds ° Da 


PERPENDICULAR MODE 


Command W 0 0 0 1 0 0 1 0 Command 
Ww 0 0 0 0 0 0 GAP WGATE Code 
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hancements also hold for the 82077SL and are ex- 
plained in this section of the data sheet. The com- 
mands were enhanced/added in order to provide 
protection against older software application pack- 
age which could inadvertently cause system com- 
patibility problems. The modifications/additions are 
fully backward compatible with the 82077AA which 
do not support the enhancements. 


6.3.1 PERPENDICULAR MODE 


The PERPENDICULAR MODE Command is en- 
hanced to allow the system designers to designate 
specific drives as Perpendicular recording drives. 
This enhancement is made so that the system de- 
signer does not have to worry about older applica- 
tion software packages which bypass their system’s 
FDC (Floppy Disk Controller) routines. The enhance- 
ment will also allow data transfers between Conven- 
tional and Perpendicular drives without having to is- 
sue PERPENDICULAR MODE commands between 
the accesses of the two different drives, nor having 
to change write pre-compensation values. The fol- 
lowing is an explanation of how this enhancement is 
implemented: 


With the old implementation, the user must properly 
program both the PERPENDICULAR MODE com- 
mand and write pre-compensation value before ac- 
cessing either a Conventional or Perpendicular 
drive. These programmed values apply to all drives 
(DO-—D3) which the 82077SL may access. It should 
also be noted that any form of RESET ‘‘Hardware”’ 
or “Software” will configure the PERPENDICULAR 
MODE command for Conventional mode (GAP and 
WGATE = “0”). 


With the enhanced implementation, both the GAP 
and WGATE bits have the same affects as the old 
implementation except for when they are both pro- 
grammed for value of “0” (Conventional mode). For 
the case when both GAP and WGATE equal ‘‘0” the 
PERPENDICULAR MODE command will have the 
following effect on the 82077SL: 1) If any of the new 
bits DO, D1, D2, and D3 are programmed to “1” the 
corresponding drive will automatically be  pro- 
grammed for Perpendicular mode (ie: GAP2 being 


DS? D2 “4 DO 


For the definition of GAP and WGATE bits see Table 6-11 and Section 6.2.11 of the data sheet. 
For the Enhanced PERPENDICULAR MODE command definition see Table 6-1. 
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written during a write operation, the programmed 
Data Rate will determine the length of GAP2.), and 
data will be written with 0 ns write pre-compensa- 
tion. 2) any of the new bits (DO-D3) that are pro- 
grammed for “0” the designated drive will be pro- 
grammed for Conventional Mode and data will be 
written with the currently programmed write pre- 
compensation value. 3) Bits DO, D1, D2, and D3 can 
only be over written when the OW bit is written as a 
1”. The status of these bits can be determined by 
interpreting the eighth result byte of the enhanced 
DUMPREG Command (See Section 6.3.3). (Note: if 
either the GAP or WGATE bit is a “1”, then bits DO- 
D3 are ignored.) 


“Software” and “Hardware” RESET will have the 
following effects on the enhanced PERPENDICU- 
LAR MODE command: 


1) ‘Software’ RESETs (Reset via DOR or DSR reg- 
isters) will only clear GAP and WGATE bits to 
“0”, D3, D2, D1, and DO will retain their previous- 
ly programmed values. 


2) “Hardware” RESETs (Reset via pin 32) will clear 
all bits (GAP, Wgate, DO, D1, D2, and D3) to “0” 
(All Drives Conventional Mode). 


6.3.2 LOCK 


In order to protect a system with long DMA latencies 
against older application software packages that 
can disable the 82077SL’s FIFO the following LOCK 
Command has been has been retained in the 
82077SL’s command set: [Note: This command 


NOTES: 


Data Bus 


R/W 
D7 D6 D5 D4 


Eighth Result Byte 
— Undefined — 


| R | LOCK 0 D3 D2 
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should only be used by the system’s FDC routines, 
and ISVs (Independent Software Vendors) should 
refrain from using it. If an ISV’s application calls for 
having the 82077SL FIFO disabled a CONFIGURE 
Command should be used to toggle the EFIFO (En- 
able FIFO) bit. ISV can determine the value of the 
LOCK bit by interpreting the eighth result byte of an 
DUMPREG Command (See Section 6.3.3).] 


The LOCK command. defines whether EFIFO, 
FIFOTHR, and PRETRK parameters of the CON- 
FIGURE command can be RESET by the DOR and 
DSR registers. When the LOCK bit is set to a ‘‘1”’ all 
subsequent “software” RESETs by the DOR and 
DSR registers will not change the previously set pa- 
rameter values in the CONFIGURE command. When 
the LOCK bit is set to a “0” “software” RESETs by 
the DOR or DSR registers will return these parame- 
ters to their default values (See Section 6.2.7). All 
“hardware” Resets by pin 32 will set the LOCK bit to 
a “0” value, and will return EFIFO, FIFOTHR, and 
PRETRK to their default values. A Status byte is re- 
turned immediately after issuing the command byte. 
This Status byte reflects the value of the Lock bit set 
by the command byte. (Note: No interrupts are gen- 
erated at the end of this command.) 


6.3.3 ENHANCED DUMPREG COMMAND 


To accommodate the new LOCK command and en- 
hanced PERPENDICULAR MODE command the 
eighth result byte of DUMPREG command has been 
modified in the following manner: 


Remarks 
D3 D2 D1 DO . 


D1 DO GAP WGATE | Enhanced 


1. Data bit 7 reflects the status of the new LOCK bit set by the LOCK Command. 
2. Data Bits DO-D5 reflect the status for bits D3, D2, D1, DO, GAP and WGATE set by the PERPENDICULAR MODE 


Command. 
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7.0 STATUS REGISTER ENCODING 


The contents of these registers are available only through a command sequence. 


7.1. Status Register 0 


70 IC Interrupt - 00-Normal termination of command. The specified command was properly 
Code executed and completed without error. 
01-Abnormal termination of command. Command execution was started, 
but was not successfully completed. 
10-Invalid command. The requested command could not be executed. 
11-Abnormal termination caused by Polling. 


Seek End The 82077SL completed a SEEK or RECALIBRATE command, or a READ 
or WRITE with implied seek command. 


EC Equipment The TRKO pin failed to become a ‘‘1”’ after: 
Check 1. 80 step pulses in the RECALIBRATE command. 
2. The RELATIVE SEEK command causes the 82077SL to step outward 


beyond Track 0. 


/3 | — |— | Unused. This bit is always “0”. 
2 ae ar Head Address | The current head address. 
DS1,0 | Drive Select | The current selected drive. 


7.2 Status Register 1 


End of The 82077SL tried to access a sector beyond the final sector of the track 
Cylinder (255D). Will be set if TC is not issued after Read or Write Data Command. 
eae Sa ae Unused. This bit is always ‘‘0”’. 


Data Error The 82077SL detected a CRC error in either the ID field or the data field of 
a sector. 
4 Overrun/ Becomes set if the 82077SL does not receive CPU or DMA service within 
Underrun the required time interval, resulting in data overrun or underrun. 


raf f= _ [lUnueed, This bits always “Or. 
3. READ TRACK command, the 82077SL cannot find the proper sector 


No Data 
sequence. 


NW Not Writable | WP pin became a “1” while the 82077SL is executing a WRITE DATA, 
WRITE DELETED DATA, or FORMAT TRACK command. 


MA Missing Any one of the following: 
Address Mark 


Any one of the following: 
1. READ DATA, READ DELETED DATA command, the 82077SL did not 
find the specified sector. 

2. READ ID command, the 82077SL cannot read the ID field without an 
error. 


1. The 82077SL did not detect an ID address mark at the specified track 
after encountering the index pulse from the IDX pin twice. 

2. The 82077SL cannot detect a data address mark or a deleted data 
address mark on the specified track. 


intel. 
7.3 Status Register 2 


address mark. 


ae i 
5 Data Error 

in Data 

Field. 


address mark. 


ieee Rita Ae 
Ss ker 


Missing Data 
Address Mark 


8.0 COMPATIBILITY 


The 82077SL was designed with software compati- 
bility in mind. It is a fully backwards compatible solu- 
tion with the older generation 8272A and NEC765A/ 
B disk controllers. The 82077SL also implements 
on-board registers for compatibility with the Personal 
System/2s as well as PC/AT and PC/XT floppy disk 
controller subsystems. The 82077SL is fully compat- 
ible with Intel’s 386SL Microprocessor Superset. 
The 82077SL represents a superset of features that 
are available on 82077AA. Upon a hardware reset of 
the 82077SL, all registers, functions and enhance- 


Fae Se ee Unused. This bit is always ‘‘0”’. 


Any one of the following: 
1. READ DATA command, the 82077SL encounters a deleted data 


2. READ DELETED DATA command, the 82077SL encounters a data 


The 82077SL detected a CRC error in the data field. 


Wrong The track address from the sector ID field is different from the track 
Cylinder address maintained inside the 82077SL. 

Unused. This bit is always “0”. 

Unused. This bit is always ‘O”’. 


The track address from the sector ID field is different from the track 
address maintained inside the 82077SL and is equal to FF hex which 
indicates a bad track with a hard error according to the IBM soft- 
sectored format. 


The 82077SL cannot detect a data address mark or a deleted data 


Unused. This bit is always ‘‘1”’. 


caves 
[= | Umeed, Te btisameays“1" 
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ments default to a PS/2, PC/AT, or PS/2 Model 30 


- compatible operating mode depending on how the 


IDENT and MFM pins are sampled during Hardware 
Reset. 


8.1 Register Set Compatibility 


The register set contained within the 82077SL is a 
culmination of hardware registers based on the ar- 
chitectural growth of the IBM personal computer 
line. Table 8-1 indicates the registers required for 
compatibility based on the type of computer. 
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*CCR is emulated by DSR in an 82072 PC/AT design. 


8.2 PS/2 vs. AT vs. Model 30 Mode 


To maintain compatibility between PS/2, PC/AT, 
and Model 30 environments the IDENT and MFM 
pins are provided. The 82077SL is placed into the 
proper mode of operations upon Hardware RESET 
with the appropriate settings of the IDENT and MFM 
pins. The proper settings of the IDENT and MFM 
pins are described in IDENT’s pin description. Differ- 
ences between the three modes are described in 
the following sections. 


8.2.1 PS/2 MODE 


IDENT strapped low causes the polarity of DENSEL 
to be active low for high (500 Kbps/1 Mbps) data 
rates (typically used for 3.5” drives). This polalrity of 
DENSEL assumes INVERT # to be low. A compre- 
hensive description of DENSEL behavior is given in 
Table 2-6. 


The DMAGATE bit in the Digital Output Register 
(DOR) will not cause the DRQ or INT output signals 
to tristate. This maintains consistency with the oper- 
ation of the floppy disk controller subsystem in the 
PS/2 architecture. 


TC is an active low input signal that is internally qual- 
ified by DACK being active low. 


8.2.2 PC/AT MODE 


IDENT strapped high causes the polarity of DENSEL 
to be active high for high (500 Kbps/1 Mbps) data 
rates (typically used for 5.25” drives). This polarity 
of DENSEL assumes INVERT # to be low. A com- 
prehensive description of DENSEL behavior is given 
in Table 2-6. 
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lf the DMAGATE bit is written to a “0” in the Digital 
Output Register (DOR), DRQ and INT will tristate. If 


DMAGATE is written to a “1”, then DRQ and INT will 
be driven appropriately by the 82077SL. 


TC is an active high input signal that is internally 
qualified by DACK# being active low. 


8.2.3 MODEL 30 MODE 


IDENT strapped low causes the polarity of DENSEL 
to be active low for high (500 Kbps/1 Mbps) data 
rates (typically used for 3.5” drives). This polarity of 
DENSEL assumes INVERT # to be low. A compre- 
hensive description of DENSEL behavior is given in 
Table 2-6. 


DMAGATE and TC function the same as in PC/AT 
Mode. 


8.3 Compatibility with the FIFO 


The FIFO of the 82077SL is designed to be trans- 
parent to non-FIFO disk controller software devel- 
oped on the older generation 8272A standard. Oper- 
ation of the 82077SL FIFO can be broken down into 
two tiers of compatibility. For first tier compatibility, 
the FIFO is left in the default disabled condition 
upon a “Hardware” reset (via pin 32). In this mode 
the FIFO operates in a byte mode and provides 
complete compability with non-FIFO based soft- 
ware. For second tier compatibility, the FIFO is en- 
abled via the CONFIGURE command. When the 
FIFO is enabled, it will temporarily enter a byte mode 
during the command and result phase of disk con- 
troller operation. This allows for compatible opera- 
tion when interrogating the Main Status Register 
(MSR) for the purpose of transferring a byte at a 
time to or from the disk controller. For normal disk 
controller applications, the system designer can still 
take advantage of the FIFO for time critical data 
transfers during the execution phase and not create 
any conflicts with non-FIFO software during the 
command or result phase. 


In some instances, use of the FIFO in any form has 
conflicted with certain specialized software. An ex- 
ample of a compatibility conflict using the FIFO is 
with software that monitors the progress of a data 
transfer during the execution phase. If the software 
assumed the disk controller was operating in a sin- 
gle byte mode and counted the number of bytes 
transferred to or from the disk controller to trigger 
some time dependent event on the disk media (i.e. 
head position over a specific data field), the same 
software will not have an identical time relationship if 
the FIFO is enabled. This is because the FIFO al- 
lows data to be queued up, and then burst trans- 


a 
intel. 
ferred across the host bus. To accommodate soft- 


ware of this type, it is recommended that the FIFO 
be disabled. 


8.4 Drive Polling 


The 82077SL supports the polling mode of the older 
generation 8272A. This mode is enabled upon a re- 
set and can be disabled via the CONFIGURE com- 
mand. This mode is supported for the sole purpose 
of providing backwards compatibility with software 
that expects it’s presence. 


The intended purpose of drive polling dates back to 
8” drives as a means to monitor any change in 
status for each disk drive present in the system. 
Each of the drives is selected for a period of time 
and its READY signal sampled. After a delay, the 
next drive is selected. Since the 82077SL does not 
support READY in this capacity (internally tied true), 
the polling sequence is only simulated and does not 
affect the drive select lines (DSO-—DS3) when it is 
active. If enabled, it occurs whenever the 82077SL 
is waiting for a command or during SEEKs and RE- 
CALIBRATEs (but not IMPLIED SEEKs). Each drive 
is assumed to be not ready after a reset and a 
“ready” value for each drive is saved in an internal 
register as the simulated drive is polled. An interrupt 
will be generated on the first polling loop because of 
the initial “not ready” status. This interrupt must be 
followed with a SENSE INTERRUPT STATUS com- 
mand from the host to clear the interrupt condition 
for each of the four logical drives. 


9.0 PROGRAMMING GUIDELINES 


Programming the 82077SL is identical to any other 
8272A compatible disk controller with the exception 
of some additional commands. For the new designer 
it is useful to provide some guidelines on how to 
program the 82077SL. A typical disk operation in- 
volves more than issuing a command and waiting for 
the results. The control of the floppy disk drive is a 
low level operation that requires software. interven- 
tion at different stages. New commands and fea- 
tures have been added to the 82077SL to reduce 
the complexity of this software interface. 


9.1 Command and Result Phase 
Handshaking 


Before a command or parameter byte can be issued 
to the 82077SL, the Main Status Register (MSR) 
must be interrogated for a ready status and proper 
FIFO direction. A typical floppy controller device 
driver should contain a subroutine for sending com- 
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mand or parameter bytes. For this discussion, the 
routine will be called “Send__byte” with the flow- 
chart shown in Figure 9-1. 


INITIALIZE TIMEOUT 
COUNTER 
READ MSR 


MSR = 10XXXXXXb ? 


WRITE BYTE TO FIFO 


RETURN 
INCREMENT COUNTER 


COUNTER EXPIRED? 


YES 


TIMEOUT ERROR 


290410-7 


Figure 9-1. Send__Byte Routine 


The routine loops until RQM is 1 and DIO is 0 indi- 
cating a ready status and FIFO direction is inward. If 
this condition is true, the 82077SL is ready to accept 
a command or parameter byte. A timeout counter is 
used to insure software response within a reason- 
able amount of time in case of no response by the 
82077SL. As a note, the programmer must be care- 
ful how the maximum delay is chosen to avoid un- 
necessary timeouts. For example, if anew command 
is issued when the 82077SL is in the middle of a 
polling routine, the MSR will not indicate a ready 
status for the next parameter byte until the polling 
sequence completes the loop. This could cause a 
delay between the first and second bytes of up to 
250 ps (@ 250 Kbps). If polling is disabled, this maxi- 
mum delay is 175 ws. There should also be enough 
timeout margin to accommodate a shift of the soft- 
ware to a higher speed system. A timeout value that 
results in satisfactory operation on a 16 MHz CPU 
might fail when the software is moved to a system 
with a 25 MHz CPU. A recommended solution is to 
derive the timeout counter from a system hardware 
counter that is fixed in frequency from CPU clock to 
CPU clock. 


For reading result bytes from the 82077SL, a similar 


routine is used. Figure 9-2 illustrates the flowchart 
for the routine “Get_byte”. The MSR is polled until © 
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RQM is 1 and DIO is 1, which indicates a ready 
status and outward FIFO direction. At this point, the 
host can read a byte from the FIFO. As in the 
Send__byte routine, a timout counter should be in- 
corporated in case of a disk controller lock-up condi- 
tion. For example, if a disk was not inserted into the 
disk drive at the time of a read operation, the con- 
troller would fail to receive the index pulse and lock- 
up since the index pulses are required for termina- 
tion of the execution phase. 


9.2 Initialization 


Initializing the 82077SL involves setting up the ap- 
propriate configuration after a reset. Parameters set 
by the SPECIFY command are undefined after a 
system reset and will need to be reinitialized. CON- 
FIGURE command parameters default to a known 
state after a system reset but will need to be reinitial- 
ized if the system requirements are different from 
the default settings. The flowchart for the recom- 
mended initialization sequence of the 82077SL is 
shown in Figure 9-3. | 


INITIALIZE TIMEOUT 
COUNTER 


READ MSR 
INCREMENT COUNTER 


READ BYTE FROM FIFO 
RETURN 


COUNTER EXPIRED? 


YES 
TIMEOUT ERROR 


290410-8 


Figure 9-2. Get__Byte Routine 


Following a reset of the 82077SL, the Configuration 
Control Register (CCR) should be reinitialized for the 
appropriate data rate. An external reset via the RE- 
SET pin will cause the data rate and write precom- 
pensation values to default to 250 Kbps (10b) and 
125 ns (000b) respectively. Since the 125 ns write 
precompensation value is optimal for the 514” and 
3%" disk drive environment, most applications will 
not require the value to be changed in the initializa- 
tion sequence. As a note, a software reset issued via 
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the DOR or DSR will not affect the data rate or write 
precompensation values. But it is recommended as 
a safe programming practice to always program the 
data rate after a reset, regardless of the type. 


Since polling is enabled after a reset of the 
82077SL, four SENSE INTERRUPT STATUS com- 
mands need to be issued afterwards to clear the 
status flags for each drive. The flowchart in Figure 
9-3 illustrates how the software clears each of the 
four interrupt status flags internally queued by the 
82077SL. It should be noted that although four 
SENSE INTERRUPT STATUS commands are is- 
sued, the INT pin is only active until the first SENSE 
INTERRUPT STATUS command is executed. 


RESET 
PROGRAM DATA RATE 
VIA CCR 
WAIT FOR INTERRUPT 
ISSUE SENSE INTERRUPT 
STATUS COMMAND 
READ STO & PCN 


LOOP 4 TIMES 


PARAMETERS 
DIFFERENT FROM 
DEFAULT? 


ISSUE CONFIGURE 
COMMAND 
ISSUE SPECIFY 
COMMAND 
82077AA READY TO 
ACCEPT COMMANDS 


Figure 9-3. Initialization Flowchart 
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As a note, if the CONFIGURE command is issued 
within 250 ys of the trailing edge of reset (@ 1 
Mbps), the polling mode of the 82077SL can be dis- 
abled before the polling initiated interrupt occurs. 
Since polling stops when the 82077SL enters the 
command phase, it is only time critical up to the first 
byte of the CONFIGURE command. If disabled in 
time, the system software no longer needs to issue 
the four SENSE INTERRUPT STATUS commands 
to clear the internal interrupt flags normally caused 
by polling. 


The CONFIGURE command should also be issued if 
the system requirements are different from the de- 
fault settings (as described in Section 6.2.7). For ex- 
ample, the CONFIGURE command can be used to 
enable the FIFO, set the threshold, and enable |Im- 
plied Seeks. 


The non-DMA mode flag, step rate (SRT), head load 
(HLT), and head unload times (HUT) programmed by 
the SPECIFY command do not default to a known 
state after a reset. This behavior is consistent with 
the 8272A and has been preserved here for compat- 
ibility. Thus, it is necessary to always issue a SPECI- 
FY command in the initialization routine. 


9.3 Recalibrates and Seeks 


Commands that position the disk head are different 
from the typical READ/WRITE/FORMAT command 
in the sense that there is no result phase. Once a 
RECALIBRATE, SEEK, or RELATIVE SEEK com- 
mand has been issued, the 82077SL will return a 
ready status in the Main Status Register (MSR) and 
perform the head positioning operation as a back- 
ground task. When the seek is complete, the 
82077SL will assert the INT signal to request serv- 
ice. A SENSE INTERRUPT STATUS command 
should then be asserted to clear the interrupt and 
read the status of the operation. Since the drive and 
motor enable signals are directly controlled through 
the Digital Output Register (DOR) on the 82077SL, a 
write to the DOR will need to precede the RECALI- 
BRATE or SEEK command if the drive and motor is 
not already enabled. Figure 9-4 shows the flow chart 
for this operation. 


9.4 Read/Write Data Operations 


A read or write data operation requires several steps 
to complete successfully. The motor needs to be 
turned on, the head positioned to the correct cylin- 
der, the DMA controller initialized, the read or write 
command initiated, and an error recovery scheme 
implemented. The flowchart in Figure 9-5 highlights 
a recommended algorithm for performing a read or 
write data operation. 


82077SL 


ENABLE DRIVE & MOTOR 
VIA DOR 
ISSUE RECALIBRATE OR 
SEEK COMMAND 
WAIT FOR INTERRUPT 
ISSUE SENSE INTERRUPT 
STATUS COMMAND 


READ STO & PCN 


SEEK FAILURE 


¥ES 


SEEK COMPLETE 
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Figure 9-4. Recalibrate and Seek Operations 


Before data can be transferred to or from the disk- 
ette, the disk drive motor must be brought up to 
speed. For most 31” disk drives, the spin-up time is 
300 ms, while the 514,” drive usually requires about 
500 ms due to the increased moment of inertia asso- 
ciated with the larger diameter diskette. 


One technique for minimizing the motor spin-up de- 
lay in the read data case is to begin the read opera- 
tion immediately after the motor is turned on. When 
the motor is not initially up to speed, the internal 
data separator will fail to lock onto the incoming data 
stream and report a failure in the status registers. 
The read operation is then repeated until successful 
Status is obtained. There is no risk of a data integrity 
problem since the data field is CRC validated. But, it 
is not recommended to use this technique for the 
write data operation even though it requires suc- 
cessful reading of the ID field before the write takes 
place. The data separator performance of the 
82077SL is such that locking to the data stream 
could take place while the motor speed variation is 
still significant. This could result in errors when an 
attempt is made to read the disk media by other disk 
controllers that have a narrower incoming data 
stream frequency bandwidth. 


After the motor has been turned on, the matching 
data rate for the media inserted into the disk drive 
should then be programmed to the 82077SL via the 
Configuration Control Register (CCR). The 82077SL 
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ENABLE DRIVE & MOTOR 
' VIA DOR 
PROGRAM DATA RATE 
VIA CCR 
RECALIBRATE 


MOTOR ON a 


TIME > 500 msec 


INITIALIZE DMA 
CONTROLLER 
ISSUE READ OR WRITE 
COMMAND 
INITIALIZE TIMEOUT 
COUNTER 


COUNTER 
TIMEOUT? 


FDC INTERRUPT 
DETECTED? 


READ RESULT BYTES 


YES 


OPERATION COMPLETE 


FDC TIMEOUT ERROR 


READ/WRITE 
TRIES > 3 


RECALIBRATE 


ES 
READ/WRITE OPERATION 
FAILED 
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Figure 9-5. Read/Write Operation 


is designed to allow a different data rate to be pro- 
grammed arbitrarily without disrupting the integrity of 
the device. In some applications, it is required to au- 
tomatically determine the recorded data rate of the 
inserted media. One technique for doing this is to 
perform a READ ID operation at each available data 
rate until a successful status is returned in the result 
phase. 


If implied seeks are not enabled, the disk drive head 


must be positioned over the correct cylinder by exe- 
cuting a SEEK command. After the seek is com- 
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plete, a head settling time needs to be asserted be- 
fore the read or write operation begins. For most 
drives, this delay should be a minimum of 15 ms. 
When using implied seeks, the minimum head set- 
tling time can be enforced by the head load time 
(HLT) parameter designated in the SPECIFY com- 
mand. For example, a HLT value of 8 will yield an 
effective head settling time of 16 ms for a pro- 
grammed data rate of 500 Kbps. Of course if the 
head is already positioned over the correct cylinder, 
the head settling time does not need to be enforced. 


ENABLE DRIVE & MOTOR 
VIA DOR 


PROGRAM DATA RATE 
VIA CCR 
_ RECALIBRATE 


MOTOR ON ae 


TIME > 500 msec 


YES 
INITIALIZE DMA 
CONTROLLER 
ISSUE FORMAT TRACK 
COMMAND 


INITIALIZE TIMEOUT 
COUNTER 


COUNTER 
TIMEOUT? 


FDC INTERRUPT 
DETECTED? 


READ RESULT BYTES 
REPEAT FOR 2ND HEAD 


82077SL 


i 


SEEK TO NEXT CYLINDER 


FDC TIMEOUT ERROR 


INCREMENT CYLINDER 
COUNT 


CYLINDER COUNT 
> MAXIMUM # 


YES 


FORMAT COMPLETE 
290410-12 


Figure 9-6 Formatting 


The DMA controller is then initialized for the data 
transfer and the read or write command is executed. 
Typically the DMA controller will assert Terminal 
Count (TC) when the data transfer is complete. The 
82077SL will then complete the current data transfer 
and assert the INT signal signifying it has entered 
the result phase. The result phase can also be en- 
tered by the 82077SL if an error is encountered or 
the last sector number equals the End of Track 
_ (EOT) parameter. 


Based on the algorithm in Figure 9-5, if an error is 
encountered after reading the result bytes, two more 
retries are performed by reinitializing the DMA con- 
troller and re-issuing the read or write data com- 
mand. A persisting failure could indicate the seek 


operation did not achieve proper alignment between 
the head and the track. The disk head should then 
be recalibrated and the seek repeated for a maxi- 
mum of two more tries. Unsuccessful operation after 
this point should be reported as a disk failure to the 
operating system. 


9.5 Formatting 


The disk formatting procedure involves positioning 
the head on each track and creating a fixed format 
field used for organizing the data fields. The flow- 
chart in Figure 9-6 highlights the typical format pro- 
cedure. 
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After the motor has been turned on and the correct 
data rate programmed, the disk head is recalibrated 
to track 0. The disk is then allowed to come up to 
speed via a 500 ms delay. It is important the disk 
speed has stabilized before the actual formatting to 
avoid any data rate frequency variations. Since the 
format fields contain critical information used by the 
data separator of the disk controller for synchroniza- 
tion purposes, frequency stability of the data stream 
is imperative for media interchangeability among dif- 
ferent systems. 


The ID field data created on the disk during the for- 
mat process is provided by the DMA controller dur- 
ing the execution phase. The DMA controller is ini- 
tialized to send the C, H, R and N values for each 
sector ID field. For example, to format cylinder 7, on 
head 1, with 9 sectors, and a sector size of 2 (512 
bytes), the DMA controller should be programmed to 
transfer 36 bytes (9 sectors x 4 bytes per sector) 
with the following data field: 7,1,1,2, 7,1,2,2, 7,1,3,2, 
... 7,1,9,2. Since the values provided to the 
82077SL during the execution phase of the format 
command are directly recorded as the ID fields on 
the disk, the data contents can be arbitrary. Some 
forms of copy protection have been implemented by 
taking advantage of this capability. 


After each head for a cylinder has been formatted, a 
seek operation to the next cylinder is performed and 
the format process is repeated. Since the FORMAT 
TRACK command does not have implied seek capa- 
bility, the SEEK command must be used. Also, as 
discussed in Section 9-2, the head settling time 
needs to be adhered to after each seek operation. 


9.6 Verifies 


In some applications, the sector data needs to be 
verified immediately after each write operation. The 
verify technique historically used with the 8272A or 
82072 disk controller involved reinitializing the DMA 
controller to perform a read transfer or verify transfer 
(DACK # is asserted but not RD #) immediately after 
each write operation. A read command is then to be 
issued to the disk controller and the resulting status 
indicates if the CRC validated the previously written 
data. This technique has the drawback of requiring 
additional software intervention by having to repro- 
gram the DMA controller between each sector write 
operation. The 82077SL supports this older verify 
technique but also provides a new VERIFY com- 
mand that does not require the use of the DMA con- 
troller. This.is also available in 82077AA. 


To verify a write data transfer or format track opera- 


tion using the VERIFY command, the software sim- 
ply issues the command with the same format as a 


2-56 


intel. 


READ DATA command but without the support of 
the DMA controller. The 82077SL will then perform a 
disk read operation without a host data transfer. The 
CRC will be calculated for each sector read and 
compared against the value stored on the disk. 
When the VERIFY command is complete, the status 
register will report any detected CRC errors. 


9.7 Powerdown State and Recovery 


The two power management modes coupled with 
the internal oscillator power management forms an 
important consideration for programming the 
82077SL. The recovery of 82077SL and the time it 
takes to achieve complete recovery depends on 
how 82077SL is powered down and how it is awak- 
ened. The following sections describe all the pro- 
gramming concerns and subtleties involved in using 
power management features of the 82077SL. 


9.7.1 OSCILLATOR POWER MANAGEMENT 


Section 4.1 covers the power management scheme 
involved in powering down of both an internal and an 
external oscillator. Both types of oscillators face 
drop out effects and require recovery times on the 
order of tens of milliseconds (this may be objection- 
able to some application software). This means that 
if the oscillator is powered down then it is imperative 
for the software to assure enough time for the oscil- 
lator to recover to a stable state. Oscillator power 
management must be controlled by the system soft- 
ware especially to maintain software transparency. 
In cases where the system goes into a standby 
mode (by user request or system timeout), the pow- 
er management software can turn off the oscillator 
to conserve power. Complete recovery from an os- 
cillator powerdown state requires the software to 
turn on the oscillator sufficiently ahead of awakening 
the 82077SL. 


9.7.2 PART POWER MANAGEMENT 


The part powerdown and wake up modes are cov- 
ered in Section 4.2 in detail. This section is meant to 
address the programming concerns for the part (ex- 
cluding the oscillator) during these modes. 


9.7.2.a Powerdown Modes 


For both types of powerdown modes—DSR power- 
down and auto powerdown, if reset is used to exit 
the part from powerdown then the internal microcon- 
troller will go through a standard sequence: register 
initialization followed after some delay by an inter- 
rupt. 
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Software transparency in auto powerdown mode is 
preserved by MSR retaining the value of 80H which 
indicates that the part is ready to receive a com- 
mand. This feature allows the part to powerdown 


while maintaining its responsiveness to any applica- 
tion software. 


9.7.2.5 Wake Up Modes 


Wake up from DSR powerdown results in the part 
being internally reset and all present status being 
lost. During DSR powerdown the RQM bit in the 
MSR is set. A software or hardware reset will wake 
up the part. 


The case for wake up from auto powerdown is differ- 
ent. The BIOS and application software are very 
sensitive to delays involved in writing the first com- 
mand bytes to the 82077SL. Most programs have 
short error timeouts in these cases. Such programs 
would not tolerate any floppy disk controller that was 
unable to receive the first byte of a command at any 
time. The following describes how 82077SL uniquely 
sustains its software transparency during wake up 
sequences. 


Prior to writing a command to 82077SL, it is first 
necessary to read the MSR to ensure that the 
82077SL is ready (RQM bit must be set) to receive 
the command. When the part detects a MSR read, it 
assumes that another command will follow and be- 
gins the wake up process. While the part is waking 
up it does not change the state of the MSR (MSR = 
80H) and is able to receive the command in the 
FIFO. At this point one of the two following scenar- 
ios Can occur. 


— No other command is sent subsequent to the 
MSR read. The part wakes up and initializes the 
minimum power up timer. Upon the expiration of 
this timer the part is once again put in power- 
down state. 


— Another command follows the MSR read. If the 
command is send during the part’s recovery from 
powerdown, the part remembers the command, 
clears the RQM bit (to prevent further bytes be- 
ing written) and acts on the command once it is 
fully awake. 
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If the MSR was not checked prior to writing of a 
command, the part will proceed as stated above with 
the RQM bit cleared and the command byte held 
until the internal microcontroller is ready. Writing the 
motor enable bits in DOR active will initiate the wake 
up sequence with RQM set high, ready to receive 
any command. 


As it is clear from the above discussion, the immedi- 
ate access to the floppy disk controller for the first 
command byte is vital to software transparency. The 
recovery of the part from powerdown may involve a — 
delay after the first command byte has been issued. 
However, all programs have tolerance for the delay 
after the first command byte is issued. In a powered 
up chip, it is possible for the microcontroller to be in 
its “polling loop’. As a result the tolerance for this 
delay provides an excellent window for recovery of 
the part. 


10.0 DESIGN APPLICATIONS 


10.1 PC/AT Floppy Disk Controller 


This section presents a design application of a PC/ 
AT compatible floppy disk controller. With an 
82077SL, a 24 MHz crystal, a resistor package, and 
a device chip select, a complete floppy disk control- 
ler can be built. The 82077SL integrates all the nec- 
essary building blocks for a reliable and low cost 
solution. But before we discuss the design applica- 
tion using the 82077SL, it is helpful to describe the 
architecture of the original IBM PC/AT floppy disk 
controller design that uses the 8272A. 


10.1.1 PC/AT FLOPPY DISK CONTROLLER 
ARCHITECTURE 


The standard IBM PC/AT floppy disk controller us- 
ing the 8272A requires 34 devices for a complete 
solution. The block diagram in Figure 10-1 illustrates 
the complexity of the disk controller. A major portion 
of this logic involves the design of the data separa- 
tor. The reliability of the disk controller is primarily 
dictated by the performance and stability of the data 
separator. Discrete board level analog phase lock 
loops generally offer good bit jitter margins but suffer 
from instability and tuning problems in the manufac- 
turing stage if not carefully designed. While digital 
data separator designs offer stability and generally a 
lower chip count, they suffer from poor performance 
in the recovery of data. 
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Figure 10-1. Standard IBM PC/AT Fioppy Disk Controller 


Table 10-1 indicates the drive and media types the 
IBM PC/AT disk controller can support. This re- 
quires the data separator to operate at three differ- 
ent data rates: 250 Kbps, 300 Kbps and 500 Kbps. 
Clocks to the data separator and disk controller 
need to be prescaled correspondingly to accommo- 
date each of these data rates. The clock prescaling 
is controlled by the Data rate Select Register (DSR). 
Supporting all three data rates can compromise the 
performance of the phase lock loop (PLL) if steps 
are not taken in the design to adjust the perform- 
ance parameters of the PLL with the data rate. 
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Table 10-1. Standard PC/AT 
Drives and Media Formats 


Drive Data 
360 Kbyte | 300 RPM | 250 Kbps 9 40 
*360 Kbyte | 360 RPM | 300 Kbps 9 40 
1.2 Mbyte | 360 RPM/| 500 Kbps 15 80 


*360 Kbyte diskette in a 1.2 Mbyte drive. 


& 
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The PC/AT disk controller provides direct control of 
the drive selects and motors via the Digital Output 
Register (DOR). As a result, drive selects on the 
8272A are not utilized. This places drive selection 
and motor speed-up control responsibility with the 
software. The DOR is also used to perform a soft- 
ware reset of the disk controller and tristate the 
DRQ2 and IRQ6 output signals on the PC bus. 


The design of the disk controller also requires ad- 
dress decode logic for the disk controller and regis- 
ter set, buffering for both the disk interface and PC 
bus, support for write precompensation and monitor- 
ing of the disk change signal via a separate read 
only register (DIR). An |/O address map of the com- 
plete register set for the PC/AT floppy disk control- 
ler is shown in Table 10-2. 


Table 10-2. 1/O Address Map for the PC/AT 


whe SOGase Description 
Address Type P 


Unused 
Unused 
Digital Output Register 
Unused 

Main Status Register 
Data Register 

Unused 

Data Rate Select Register 
Digital Input Register 


Write 
Read 
Read/Write 

Write 
Read 
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10.1.2 82077SL PC/AT SOLUTION 


The 82077SL integrates the entire PC/AT controller 
design with the exception of the address decode on 
a single chip. The schematic for this solution is 
shown in Figure 10-2. The chip select for the 
82077SL is generated by a 16L8 PAL that is pro- 
grammed to decode addresses O3FOH thru 03F7H 
when AEN (Address Enable) is low. The program- 
ming equation for the PAL is shown in a ABEL file 
format in Figure 10-3. An alternative address decode 
solution could be provided by using a 74LS133 13 
input NAND gate and 74LS04 inverter to decode 
A3-A14 and AEN. Although the PC/AT allows for a 
64K I/O address space, decoding down to a 32K 
I/O address space is sufficient with the existing 
base of add-in cards. 


A direct connection between the disk interface and 
the 82077SL is provided by on-chip output buffers 
with a 40 mA sink capability. Open collector outputs 
from the disk drive are terminated at the disk con- 
troller with a 150 resistor pack. The 82077SL disk 
interface inputs contain a schmitt trigger input struc- 
ture for higher noise immunity. The host interface is 
a similar direct connection with 12 mA sink capabili- 
ties on DBO-DB7, INT and DRQ. 
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*Typical values for 5.25” disk drives. For 3.5” disk drive, use 1K resistors. 
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34 PIN DISK INTERFACE 
(odd pins 1-33 grounded) 
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MODULE PCAT0O77_LOGIC ; 


TITLE "82077SL PC/AT FLOPPY DISK CONTROLLER’ ; 
PCATO77 DEVICE "P16L8' ; 


GND, VCC PIN 10,20; 
SA3,SA4,SA5,SA6,5A7,5A8,SA9,SA10 PIN 1,2,5,4,5,6,7,8; 
SA11,5A12,SA15,SA14,SA15, AEN PIN 9,12;15714,15,16; 
CSO77_ FIN 12; 


EQUATIONS 
"" CHIP SELECT FOR THE 82077SL (SFOH -- 3SF7H) 


CSO77_ = !(!SA1L5 & !SA14 & !SA15 & !SA12 & !SAl1l & !SA10 & 
SAO & SAS & SA7 & SAG & SAS & SA4 & !SAS & !AEN) ; 


END PCATO77_LOGIC 


Figure 10-3. PAL Equation File for a PC/AT Compatible FDC Board 


10.2 3.5” Drive Interfacing 


The 82077SL is designed to interface to both 3.5” 
and 5.25” disk drives. This is facilitated by the 
82077SL by orienting IDENT to get the proper polari- 
ty of DENSEL for the disk drive being used. Typical- 
ly DENSEL is active high for high (500 Kbps/ 


1 Mbps) data rates on 5.25” drives. And DENSEL is 


typically active low for high data rates on 3.5” 
drives. A complete description of how to orient 
IDENT to get the proper polarity for DENSEL is giv- 
en in Table 2-6. 


10.2.1 3.5” DRIVES UNDER THE AT MODE 


When interfacing the 82077SL floppy disk controller 
with a 3.5” disk drive in a PC/AT application, it is 
possible that two design changes will need to be 
implemented for the design discussed in Section 
10.1. Most 3.5” disk drives incorporate a totem pole 
interface structure as opposed to open collector. 
Outputs of the disk drive will drive both high or low 
voltage levels when the drive is selected, and float 
only when the drive has been deselected. These to- 
tem pole outputs generally can only sink or source 
4 mA of current. As a result, it is recommended to 
replace the 150 termination resistor pack with a 
4.7 K®. package to pull floating signals’ inactive. 
Some other 3.5” drives do have an open collector 
interface, but have limited sink capability. In these 
cases, the drive manufacturer manuals usually sug- 
gest a 1 K©. termination. 


A second possible change required under “AT 
mode” operation involves high capacity 3.5” disk 
drives that utilize a density select signal to switch 
between media recorded at a 250 Kbps and 
500 Kbps data rate. The polarity of this signal is typi- 
cally inverted for 3.5” drives versus 5.25” drives. 
Thus, an inverter can be added between the DEN- 
SEL output of the 82077SL and the disk drive inter- 
face connector when using 3.5” drives. 


But drives that do not support both data rates or 
drives with an automatic density detection feature 
via an optical sensor do not require the use of the 
DENSEL signal. 


Another method is to change the polarity of IDENT 
with a drive select signal. ORing RESET with the 
drive select signal (DSO-3) used for the 3.5” disk 
drive will produce the proper polarity for DENSEL 
(assuming INVERT # is low). 


10.2.2 3.5” DRIVES UNDER THE PS/2 MODES 


lf IDENT is strapped to ground, the DENSEL output 
signal polarity will reflect a typical 3.5” drive mode of 
operation. That is, DENSEL will be high for 250 Kbps 
or 300 Kbps and low for 500 Kbps or 1 Mbps (as- 
suming INVERT# is low). Thus the only change 
from the disk interface shown in Figure 10-2 is to 
replace the 150 termination resistor pack with a 
value of about 10 K©. This will prevent excessive 
current consumption on the CMOS inputs of the 
82077SL by pulling them inactive when the drive(s) 
are deselected. 
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10.2.3 COMBINING 5.25” AND 3.5” DRIVES 


If 5.25” and 3.5” drives are to be combined in a 
design, then steps need to be taken to avoid conten- 
tion problems on the disk interface. Since 3.5” 
drives do not have a large sink capability, the 1509 
termination resistor pack required by 5.25” drives 
cannot be used with the 3.5” drive. To accommo- 
date both drives with the same disk controller, the 
outputs of the 3.5” drive should be buffered before 
connecting to the 82077SL disk interface inputs. 
The 82077SL inputs are then connected to the nec- 
essary resistive termination load for the 5.25” inter- 
face. 


The block diagram in Figure 10-4 highlights how a 
combined interface could be designed. In this exam- 
ple, the 5.25” drive is connected to drive select 0 
(DSO) and the 3.5” drive is connected to drive select 
1 (DS1). DS1 is also used to enable a 74LS244 buff- 
er on the output signals of the 3.5” drive. The drive 
select logic of the 82077SL is mutually exclusive and 
prevents the activation of the buffer and 5.25” drive 
at the same time. Since the 74LS244 has an Io, of 


24 mA, the termination resistor should be increased . 


to 2202. This could impact the reliability of the 5.25” 
drive interface if the cable lengths are greater than 5 
feet. 


74LS244 
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To accommodate the polarity reversal of the DEN- 
SEL signal for 3.5” drives, it is routed through an 
inverter for the 3.5” drive interface. A 1 K®. pull-up 
should be placed on the output of the inverter to 
satisfy the Io4 requirements for the 3.5” drive when 
using a 74LS04. 


10.2.4 OPTIMIZING 82077SL-1 FOR TAPE 
DRIVE MODE 


The floppy disk controller can be configured for the 
tape drive mode by both hardware and software. 
Configuring the 82077SL-1 for the tape drive mode 
refers to optimization of the internal data separator 
in order to deal with the effect of ISV which is more 
pronounced on a tape drive than on a floppy disk 
controller. Hardware selection is done by setting the 
PLLO (pin 39) to 0 or GND. This optimizes the data 
separator for tape drives by changing the loop filter 
component values and loop gain. TDR selection is 
disabled under this mode. Software selection of the 
tape drive mode for the FDC is implemented via set- 
ting of the appropriate bits in the tape drive register 
(TDR). This selection is enabled only while PLLO is 
set high. This aids the user in configuring the particu- 
lar drives as tape drive even when in floppy mode. 


5.25" Disk Drive 


3.5" Disk Drive 
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Figure 10-4. Combined 3.5” and 5.25” Drive Interface 
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As shown below the TDR contains two bits which 


can be utilized to assign tape support to a particular 
drive during initialization. 


os oe 

SEL1 | SEL1 
Hardware resets clears this register but it remains 
unaffected by any software reset. TDR[2:7] remain 
in a tristated condition and are not readable. Drive 0 
is reserved for the floppy boot drive and cannot be 
configured for tape drives using the TDR (software 
mechanism). Hardware selection overrides any se- 
lection made by the software, i.e., by setting PLLO to 
GND, tape drive mode will be selected regardless of 
the changes made to the TDR. Although the soft- 
ware mechanism does not allow to select drive 0 for 


tape drive, when PLLO = O any drive can be sup- 
ported for tape drive. 


82077SL-1 has the capability to support up to a total 
of four drives. Most PC systems today have at least 
one floppy disk drive. This leaves the possibility of 
installing up to three tape drives. The following de- 
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R is a pullup resistor, typically 10K. 
Figure 10-5. Optimizing 82077SL-1 for Tape Drive Mode 
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scribes a way to configure the floppy disk controller 
in a multiple tape drive environment. This also de- 
pends on whether the system manufacturer wishes 
to leave certain drive slots fixed for tape drives or 
variable by the user. 


All Tape Drives Are Variable—lf the drives chosen 
as tape drives are variable then the configuration 
mechanism used is strictly software. After strapping 
PLLO high, the bits TDR[0:1] can be programmed 
during initialization for various drives that can be se- 
lected as tape drives. It should be noted that in this 
case drive 0 cannot be selected as one of the tape 
drives. 


Combination of Fixed/Variable Tape Drives—'f 
any drive can be determined to be fixed then either 
the motor enable pin or the drive select pin of that 
particular drive can be used to drive PLLO to GND 
when selected. Figure 10-5A and Figure 10-5B show 
two scenarios where drives that are fixed for tape 
drive use their motor enable or drive select signals 
to drive PLLO to GND. 


Figure 10-5C shows by using jumpers flexibility can 
be incorporated in the system and the drive/s to be 
fixed for tape drives can be left to the user. 
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11.0 D.C. SPECIFICATIONS 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


. : *WARNING: Stressing the device beyond the “Absolute 
11.1 Absolute Maximum Ratings Maximum Ratings” may cause permanent damage. 
~65°C to + 150°C These are stress ratings only. Operation beyond the 


Siorage TONPOBUMG «+ <19-34+. “Operating Conditions” is not recommended and ex- 


SUPOIY VOURDG sous eve fasSeaee can —0.5 to +8.0V tended exposure beyond the “Operating Conditions” 
Voltage on Any Input ........... GND — 2Vto6.5V ~=—- ay affect device reliability. 

Voltage on Any Output. .GND — 0.5V to VCC + 0.5V 

POWOT DISSIDOUON Sei yc dacs) Chaba ok owadee 1 Watt 


11.2 D.C. Characteristics 
Ta = 0°C to = 70°C, Veg = +5V +10%, Vsg = AVsg = OV 


Input Low Voltage, X1 
Input High Voltage, X1 


VIL Input Low Voltage 
(all pins except X1) 
Vin Input High Voltage 
(all pins except X1) 
VoL Output Low Voltage 0.4 
MFM 


DRATEO-1 
DBO-7, INT and DRQ 


MEO-3, DSO-3, DIR, STP 


WRDATA, WE, HDSEL 
and DENSEL 


VOH Output High Voltage 
MFM 


All Other Outputs i ae 
All Outputs 
, (Notes 1, 2) 


Voc Supply Current (Total) 
(Notes 1, 2) 


1 Mbps Data Rate, Vi_ = Vss, Vin = Voc 45° 
1 Mbps Data Rate, Vi), = 0.45, Vin = 2.4 50 
500 Kbps Data Rate, Vi, = Vss, Vin = Vcc 35 
500 Kbps Data Rate, Vj, = 0.45, Vin = 2.4 40 (Notes 1, 2) 


(Notes 1, 2) 


| 60 | HA | (Note 3) 


Nie Input Load Current 10 WA | Vin = Voc 
(all input pins) 


—10 WA | Vin = OV 
Data Bus Output Float Leakage BA | 0.45 <Voyt<Vcoc 
NOTES: 


1. The data bus are the only inputs that may be floated. 
2. Tested while reading a sync field of “00”. Outputs not connected to D.C. Loads. 
3. Vit = Vss. Vin = Voc; Outputs not connected to D.C. loads. 


3333 
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Input Capacitance F = 1 MHz, Ta = 25°C 


Clock Input Capacitance Sampled, not 100% Tested 
Input/Output Capacitance 


NOTE: 
All pins except pins under test are tied to AC ground. 


LOAD CIRCUIT A. C. TESTING INPUT, OUTPUT WAVEFORM 


82077SL 20 


2.0 
“i =e es TEST POINTS 43 


08 


‘ rigaegis 290410-17 
Cioag = 50 pF for all logic outputs, 
100 pF for the data bus. 


11.3 Oscillator The crystal oscillator must be allowed to run for 
Oo 10 ms after VCC has reached 4.5V or exiting the 
POWERDOWN mode to guarantee that it is stable. 


Crystal Specifications 


24 MHz 


= CRYSTAL Frequency: 24 MHz +0.1% 


Mode: Parallel Resonant 
Fundamental Mode 


Series Resistance: Less than 409 
290410-3 Shunt Capacitance: Less than 5 pF 


Figure 11-2. Crystal Oscillator Circuit 


The 24 MHz clock can be supplied either by a crystal 
or a MOS level square wave. All internal timings are 
referenced to this clock or a scaled count which is 
data rate dependent. 
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12.0 A.C. SPECIFICATIONS 
Ta = 0°C to 70°C, Voo = +5V +10%, Vgg = AVgg = OV 


| Symbol Parameter ein fea | unt | 


CLOCK TIMINGS 


Clock Rise Time 


aes 
| | Glock Fall Time hee een 
Clock High Time() Se ea ee 
Clock Low Time() Baie See Vea Sa 
Clock Period 
Internal Clock Period(9) fee 


Address Setup to AD ro ae, ee 


cok 
are 
oO 


vr 


+ 
ak 
i) 


RD Pulse Width 

| = t9 ~~ | Address Hold from RD 
Data Valid from RD(12) 

Command Inactive 

Output Float Delay 

INT Delay from RD(6) 


t14 Data Hold from RD 
HOST WRITE CYCLES 


Address Setup to WR 


t16 WR Pulse Width 


Address Hold from WR 


Command Inactive 
Data Setup to WR 
t20 Data Hold from WR 
t21 INT Delay from WR(1) 
DMA CYCLES 
t22 DRQ Cycle Period(1) 


123 DACK to DRQ Inactive Ry Lee core 75 
3a DRQ to DACK Inactive (Note 15) 


24 RD to DRQ Inactive(4) 


DACKSeuptoRO,WA |. 8. 


t& + 125 


Seow (skeen od 
6. +128 


- 
—s 


= 
” 


| ad 


DACK Hold from RD, WR 
DRQ to RD, WR Active(1) 


Terminal Count Width(10) ea ae 


ee 
Nh 
N 


:— 


t29 TC to DRQ Inactive 150 


ot 
G) 
io) 

: 
NS 
oO 


“Hardware” Reset Width(5) 


“Software” Reset Width(5) (Note 11) 
Reset to Control Inactive han es ao, | 
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A.C. SPECIFICATIONS (Continued) 
Ta = 0°C to 70°C, Voc = +5V +10%, Vsg = AVss = OV 


[—symbot[ Parameter ‘wn ~~ ax] ut +d 


WRITE DATA TIMING 


ime | wep Et lees 
oes | Onswpeene [onde [<r [  me 
Se 1 NR 
a SY 
EP ee VO a a 
pe aS akan ee ee ee 


READ DATA TIMING 


[wo | Read Data Puce with [a 
en eee paren: 
Areata ee 
Si TAR EERE 
7 sR a 
paaieesee: 

Saas 


82077SL-5 500K 


40 | 
‘Data Rate Period = 1/f44 
tLOCK Lockup Time 


NOTES: 

1. This timing is for FIFO threshold = 1. When FIFO threshold is N bytes, the value should be multiplied by N and subtract 
1.5 ps. The value shown is for 1 Mbps, scales linearly with data rate. 

2. This value can range from 0.5 ms to 8.0 ms and is dependent upon data rate and the Specify command value. - 

3. Many timings are a function of the selected data rate. The nominal values for the internal clock period (t5) for the various 
data rates are: | ‘ 


1 Mbps 3 x oscillator period = 125 ns 
500 Kbps 6 x oscillator period = 250 ns 
300 Kbps 10 x oscillator period = 420 ns 
250 Kbps 12 x oscillator period = 500 ns 


4. lf DACK transitions before RD, then this specification is ignored. If there is no transition on DACK, then this becomes the 
DRQ inactive delay. 

5. Reset requires a stable oscillator to meet the minimum active period. 

6. Based on the internal clock period (t5). For various data rates, the Write Data Width minimum values are: 


1 Mbps 5 x oscillator period —50 ns = 150 ns 
500 Kbps 10 x oscillator period —50 ns = 360 ns 
300 Kbps 16 x oscillator period —50 ns = 615 ns 
250 Kbps 19 x oscillator period —50 ns = 740 ns 


7. Test points for clock high time are 3.5V. Due to transitional times, clock high time max and clock low time max cannot be 
met simultaneously. Clock high time min and clock low time max cannot be met simultaneously. 
8. Based on internal clock period (t5). 


Maximum bit shift from nominal position 
9. Jitter tolerance is defined as: eee et ees x 100% 
1/4 period of nominal data rate 


It is a measure of the allowable bit jitter that may be present and still be correctly detected. The data separator jitter 
tolerance is measured under dynamic conditions that jitters the bit stream according to a reverse precompensation algo- 
rithm. 

10. TC width is defined as the time that both TC and DACK are active. 


ex 
en 
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A.C. SPECIFICATIONS (Continued) 


NOTES: (Continued) 
11. The minimum reset active period for a software reset is dependent on the data rate, after the 82077SL has been 
properly reset using the t30 spec. The minimum software reset period then becomes: 

1 Mbps 3x t4 = 125 ns 

500 Kbps 6 x t4 = 250 ns 

300 Kbps 10 x t4 = 420 ns 

250 Kbps 12x t4 = 500 ns 
12. Status Register’s status bits which are not latched may be updated during a Host read operation. 
13. The minimum MFM values for WE to HDSEL change (t41) for the various data rates are: 

1 Mbps 0.5 ms + [8 x GPL] 

500 Kbps 1.0ms + [16 x GPL] 

300 Kbps 1.6 ms + [26.66 x GPL] 

250 Kbps 2.0 ms + [32 x GPL] 


GPL is the size of gap 3 defined in the sixth byte of a Write Command. 
14. This timing is a function of the selected data rate as follows: 

1 Mbps 1.0 ws Min 

500 Kbps 2.0 ws Min 

300 Kbps 3.3 ws Min 

250 Kbps 4.0 us Min \ 
15. This timing is a function of the internal clock period (t5) and is given as (2/3) t5. The values of t5 are shown in Note 3. 
16. The timings t13 and t21 are specified for INT signal in the polling mode only. These timings in case of the result phase 
of the read and write commands are microcode dependent. 


i 

Supeneation 
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CLOCK TIMINGS 
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HOST READ CYCLES 
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HOST WRITE CYCLES 


290410-20 
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DMA CYCLES 
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TERMINAL COUNT 


290410-22 


RESET 


DRQ, INT, 
MFM(0), WE 
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NOTE: 
MFM(0) refers to the MFM pin left open during hardware reset. 
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WRITE DATA TIMING 


Rc er ae a ee ee, 


WRDATA 
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NOTE: 
Invert high. 


DRIVE CONTROL 


290410-25 
NOTE: 7 
For overlapped seeks, only one step pulse per drive selection is issued. Non-overlapped seeks will issue all programmed 
step pulses. Invert high. 


INTERNAL PLL 


RDDATA 
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NOTE: 
Invert high. 
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220 225 230 235 240 245 250 255 260 265 270 275 280 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 


290410-27 290410-28 
Figure 13-1. Typical Jitter Tolerance Figure 13-2. Typical Jitter Tolerance 
vs Data Rate (Capture Range) vs Data Rate (Capture Range) 
(250 Kbps) (300 Kbps) 


0 
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0 
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290410-29 290410-30 
Figure 13-3. Typical Jitter Tolerance Figure 13-4. Typical Jitter Tolerance 
vs Data Rate (Capture Range) vs Data Rate (Capture Range) 
(500 Kbps) (1 Mbps), 82077SL-1 


Jitter Tolerance measured in percent. See datasheet — Section 3.2.1 capture range expressed as a percent of data rate, 
i.e., +3%. 
e = Test Points: 

250, 300, 500 Kbps are center, +3% @ 68% jitter, +5% @ 65% jitter 

1 Mbps are center, +3% @ 68% jitter, +4% @ 63% jitter 
Test points are tested at temperature and Vcc limits. Refer to the datasheet. Typical conditions are: room temperature, 
nominal Vcc. 
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14.0 DATA SEPARATOR CHARACTERISTICS FOR TAPE DRIVE MODE 


ike cre a ED DT Taek is POR ae 
Pas eR ee i 2 Le WN Wh eo 
had Ns ee a Ses l HS eee es ee 
WEBS COR Ree FS ce LE oe 
pei car ec eel 
Pease) 2) lao LON 
Bese ee elton] ho peeled 


0 0 
440 455 470 485 500 515 530 545 560 880 910 940 970 1000 1030 1060 1090 1120 
290410-34 290410-35 
vs Data Rate (Capture Range) vs Data Rate (Capture Range) 
(+0% ISV, 500 Kbps) (+0% ISV, 1 Mbps) 


Bees Pied 
geet ee eats Ty Ph. 
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fl aie: ame he 
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290410-37 


0 
440 455 470 485 500 515 530 545 560 
290410-36 


Figure 14-3. Typical Jitter Tolerance Figure 14-4. Typical Jitter Tolerance 
vs Data Rate (Capture Range) vs Data Rate (Capture Range) 
(+3% ISV, 500 Kbps) (+3% ISV, 1 Mbps) 
NOTES: 


1. Jitter Tolerance measured in percent. See datasheet — Section 3.2.1 capture range expressed as a percent of data rate, 
i.e., +5%. 
2. Typical conditions are: room temperature, nominal Vcc. 
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Ta ae Values 
Ambient - 
° Cc an 
NOTES: 
Case Temperature Stag 
To = Ta + P [6jq 


Junction Toraerktine ae 

Tj = Te + Pp [6jc] 

P = Power dissipated 

8\, = thermal resistance from the junction to the case. 
8jq = thermal resistance from the junction to the ambient. 


82077SL Revision Summary 


The following changes have been made since revision 003: 
1. The 82077SL does not support the FM Mode. 


The following changes have been made since revision 002: 
Title Page Second paragraph, last two sentences deleted and replaced with: 


The 82077SL is available in three versions—82077SL-5, 82077SL and 82077SL-1. 82077SL-1 
has all features listed in this data sheet. It supports both tape drives and 4 MB floppy drives. 
The 82077SL supports 4 MB floppy drives and is capable of operation at all data rates through 
1 Mbps. The 82077SL-5 supports 500/300/250 Kbps data rates for high and low density floppy 
drives. 


Section 2.1.8a Bit 7 has been changed from DSK to DSKCHG. 


Section 2.3. New sentence added to end of paragraph. This sentence reads, “CS can be held inactive 
during DMA transfers”. 


Section6.0 Addition of Scan Equal, Scan Low or Equal, and Scan High or Equal to Table 6-1. 
Section 6.1.8 New section added, titled “Scan Commands”. 
Section 12.0 Timing diagram, DMA Cycles corrected. Symbol t26 corrected on signal DACK. 


2-74 


intel. 


82078 CHMOS SINGLE-CHIP 


FLOPPY DISK CONTROLLER 
= Small Footprint and Low Height @ Integrated Analog Data Separator 
Packages — 250 Kbits/sec 
m= Supports Standard 5.0V as Well as Low — 300 Kbits/ sec \ 
Voltage 3.3V Platforms — 500 Kbits/ sec 
— Selectable 3.3V and 5.0V — 1 Mbits/sec 
Configuration — 2 Mbits/sec 
— 5.0V Tolerant Drive Interface mu Integrated Tape Drive Support 


— Standard 1 Mbps/500 Kbps/ 
250 Kbps Tape Drives 
— New 2 Mbps Tape Drive Mode 


m Enhanced Power Management 
— Application Software Transparency 
— Programmable Powerdown 


Command m@ Perpendicular Recording Support for 
— Save and Restore Commands for OV 4 MB Drives 
Powerdown ; 
LS hie Pomerdowar ahd Wakalit 8 Sia aiaaoan Drive Select and Motor 
Modes 
— Two External Power Management @ Programmable Write Precompensation 
Pins Delays 
— Consumes No Power While in m Addresses 256 Tracks Directly, 
Powerdown Supports Unlimited Tracks 
m Programmable Internal Oscillator m 16 Byte FIFO 
m Floppy Drive Support Features _ = Single-Chip Floppy Disk Controller 
— Drive Specification Command Solution for Portables and Desktops 
— Media ID Capability Provides Media — 100% PC-AT* Compatible 
Recognition — 100% PS/2* Compatible 
— Drive ID Capability Allows the User — 100% PS/2 Model 30 Compatible 
to Recognize the Type of Drive — Fully Compatible with Intel’s 386SL 
— Selectable Boot Drive Microprocessor SuperSet 
— Standard IBM and ISO Format — Integrated Drive and Data Bus 
Features Buffers 


— Format with Write Command for 
High Performance in Mass Floppy 
Duplication 


m Integrated Host/Disk Interface Drivers 


m Available in 64 Pin QFP and 44 Pin QFP 


Package 
(See Package Specification Order Number 240800, Package 
Type S) 


The 82078 Product Family brings a set of enhanced floppy disk controllers. These include several features 
that allow for easy implementation in both the portable and desktop market. The current family includes a 64 
pin and a 44 pin part in the smaller form factor QFP package. The 3.3V version of the 64 pin part provides an 
ideal solution for the rapidly emerging 3.3V platforms. It also allows for a 5.0V tolerant floppy drive interface 
that lets the users retain their normal 5.0V drives. Another version of the 64 pin part provides support for 2 
Mbps data rate tape drives. 


*Other brands and names are the property of their respective owners. 


September 1993 
Order Number: 290468-003 2-75 
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Table 1-0. 64 Pin Part Versions 


The 44 pin is targeted for platforms that are operated at 3.3V or 5.0V and do not require more than two drive 
support. The 82078-5 is designed for price sensitive 5.0V designs which do not include 4 MB drive support. 


2 Mbps Data Rate 


Table 2-0. 44 Pin Part Versions 


Both parts can be operated at 1 Mbps/500 Kbps/300 Kbps/250 Kbps. Additionally, one version of the 64 pin 
part provides 2 Mbps data rate operation specific for the new tape drives. 


The 82078 is fabricated with Intel’s advanced CHMOS III technology. 


49 |] RDGATE 


FDSO# 
FDMEO# 
DRVIDO 
FDS1# 
FDME1# 
DRVID1 
DIR# 
VCCF 
MEDIDO 
STEP# 
VSS 
FDS2# 
FDME2# 
HDSEL# 
WE# 
WRDATA# 


o @onranrs oh = 


DRV2# | 19 
TRKO# 20 
INDX# 21 
WP# 22 
AVSS 23 
AVCC 24 
MEDID1 25 
DSKCHG# 26 
reese 27 
DRVDENO (_______} 28 


DRVDEN1 C_______| 30 
FDME3#4 C_____1 31 


RDDATA# 


290468-1 
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INT C12 


DSKCHG# (——119 
RDDATA# 0 
DRVDENO cee 


DRVDEN1 (2 


82078 


33> FDSO# 

32; ——_] FDMEO# 
31 FDS 1#/PD# 

30 FDME1#/IDLE# 
29; DIR# 

28(— 1 VCCF 


27(_ STEP# 


26 = VSS 


25 HDSEL# 
24-1 WE# 


23-7). WRDATA# 


290468-2 
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82078 44 PIN | 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 
= Small Footprint and Low Height. m Integrated Tape Drive Support 
Package — Standard 1 Mbps/500 Kbps/ 
m Enhanced Power Management 250 Kbps Tape Drives 
— Application Software Transparency @ Perpendicular Recording Support for 
— Programmable Powerdown 4 MB Drives 
Command : ; 
_. Saas cine Raxtcra talaianda. tar m@ Integrated Host/Disk Interface Drivers 
Zero-Volt Powerdown m@ Fully Decoded Drive Select and Motor 
— Auto Powerdown and Wakeup Signals 
Modes : m Programmable Write Precompensation 
— Two External Power Management Delays 
ie AL Re No Power While in m@ Addresses 256 Tracks Directly, 
Powerdown Supports Unlimited Tracks 
g Integrated Analog Data Separator m 16 Byte FIFO 
— 250 Kbps = Single-Chip Floppy Disk Controller 
— 300 Kbps Solution for Portables and Desktops 
— 500 Kbps — 100% PC/AT* Compatible 
— 1 Mbps — Fully Compatible with Intel386™ SL 


— Integrated Drive and Data Bus 


= Programmable Internal Oscillator 
Buffers 


. Sara eabne an kiana m@ Separate 5.0V and 3.3V Versions of the 


— Selectable Boot Drive 44 Pin part are Available 


— Standard IBM and ISO Format m Available in a 44 Pin QFP Package 
Features | 

— Format with Write Command for 
High Performance in Mass Floppy 
Duplication 


The 82078, a 24 MHz crystal, a resistor package, and a device chip select implements a complete solution. All 
programmable options default to 82078 compatible values. The dual PLL data separator has better perform- 
ance than most board level/discrete PLL implementations. The FIFO allows better system performance in 
multi-master (e.g., Microchannel, EISA). 


The 82078 maintains complete software compatibility with the 82077SL/82077AA/8272A floppy disk control- 
lers. It contains programmable power management features while integrating all of the logic ee for floppy 
disk control. The power management features are transparent to any application software. 


The 82078 is fabricated with Intel’s advanced CHMOS III technology and is also available in a 64-lead QFP 
package. 


*Other brands and names are the property of their respective owners. 


October 1993 
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Figure 1-0. 82078 44 Pin Pinout 


Table 1.0. 82078 (44 Pin) Description 


, @ H/W ; 


HOST INTERFACE 


RESET 34 N/A RESET: A high level places the 82078 in a known idle state. All 
registers are cleared except those set by the Specify command. 


ADDRESS: Selects one of the host interface registers: ) 

af “ A2 Atl Access Register 

A2 38 R Reserved 
R/W Status Register B SRB 
R/W Digital Output Register DOR 
R/W Tape Drive Register TDR 
R Main Status Register MSR 
WwW Data Rate Select Register DSR 
R/W Data Register (FIFO) FIFO 
Reserved 
i! Digital Input Register DIR 

Configuration Control Register CCR 


N/A | CHIP SELECT: Decodes the base address range and qualifies RD # 
and WR #. 

N/A READ: Read control signal for data transfers from the floppy drive to 
the system. 
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Table 1.0 82078 (44 Pin) Description (Continued) 


; @ H/W 
ee ee 


HOST INTERFACE —— 


N/A WRITE: Write control signal for data transfers to the floppy 
drive from the system. 


DMA REQUEST: Requests service from a DMA controller. 
Normally active high, but will go to high impedance in AT and 
Model 30 modes when the appropriate bit is set in the DOR. 


DMA ACKNOWLEDGE: Control input that qualifies the RD#, | 
WR # inputs in DMA cycles. Normally active low, but is disabled 
in AT and Model 30 modes when the appropriate bit is set in the 


DATA BUS: 12 mA data bus. 


INTERRUPT: Signals a data transfer in non-DMA mode and 
when status is valid. Normally active high, but goes to high 
impedance when the appropriate bit is set in the DOR. 


TERMINAL COUNT: Control line from a DMA controller that 
terminates the current disk transfer. TC is effective only when 
qualified by DACK #. This input is active high. 


EXTERNAL CLOCK OR CRYSTAL: Connection for a 24 MHz 
fundamental mode parallel resonant crystal. X1 can also be 
driven by an external clock (external oscillator) which can be 
either at 48 MHz or 24 MHz. If external oscillator is used then 
the PDOSC bit can be set to turn off the internal oscillator. Also, 
if a 48 MHz external oscillator is used then the CLK48 bit must 
be set in the enhanced CONFIGURE command. 


PLL SECTION 


RDDATA# | 20 | | | N/A_ | READ DATA: Serial data from the floppy disk. 


DISK CONTROL 


TRKO# 14 N/A TRACKO: This is an active low signal that indicates that the 
head on track 0. 

INDX# N/A INDEX: This is an active low signal that indicates the beginning 
of the track. 

N/A WRITE PROTECT: This is an active low signal that indicates 

whether the floppy disk in the drive is write protected. 

DSKCHG # N/A DISK CHANGE: This is an input from the floppy drive reflected 
in the DIR. 

DRVDENO, DRIVE DENSITY: These signals are used by the floppy drive to 

DRVDEN‘1 configure the drive for the appropriate media. 

WRDATA# WRITE DATA: MFM serial data to the drive. Precompensation 
value is selectable through software. 
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Table 1.0 82078 (44 Pin) Description (Continued) 


@ H/W 
(ae 


DISK CONTROL eT 
WRITE ENABLE: Floppy drive control signal that enables 
the head to write onto the floppy disk. 

STEP# STEP: Supplies step pulses to the floppy drive to move 
the head between tracks. : 


DIR# DIRECTION: It is an active low signal which controls the 
direction the head moves when a step signal is present. 
The head moves inwards towards the center if this signal 

a ses 

y ot 


is active. 
FDME1#/IDLE¥ | 30 i 


HEAD SELECT: Selects which side of the floppy disk is 
Be : oe, 


to be used for the corresponding data transfer. It is active 
FDS1#/PD# 31 


low and an active level selects head 1, otherwise it 
defaults to head 0. 


FLOPPY DRIVE MOTOR ENABLE 0: Decoded motor 
enable for drive 0. The motor enable pins are directly 

controlled via the DOR and are a function of the mapping 
based on BOOTSEL bits in the TDR. 


FLOPPY DRIVE MOTOR ENABLE or IDLE: One of these | 
is selected based on the level of the 44PDEN bit in the 
auto powerdown command. 


FLOPPY DRIVE MOTOR ENABLE 1: Decoded motor 
enable for drive 1. The motor enable pins are directly 
controlled via the DOR and are a function of the mapping 
based on BOOTSEL bits in the TDR. 


IDLE: This pin indicates that the part is in the IDLE state 
and can be powered down. IDLE state is defined as 

MSR = 80H, INT = 0, and the head being “unloaded’”’ 
(as defined in the section describing powerdown). 
Whenever the part is in this state, IDLE pin is active low. If 
the part is powered down by the Auto Powerdown Mode, 
IDLE pin is set low. If the part is powered down by setting 
the DSR POWERDOWN bit, IDLE pin is set high. 


FLOPPY DRIVE SELECT 0: Decoded floppy drive select 
for drive 0. These outputs are decoded from the select 

bits in the DOR and are a function of the mapping based 
on BOOTSEL bits in the TDR. 


FLOPPY DRIVE MOTOR ENABLE or PD: One of these 
is selected based on the level of the 44PDEN bit in the 
auto powerdown command. 


FLOPPY DRIVE SELECT 1: Decoded floppy drive select 
for drive 1. These outputs are decoded from the select 
bits in the DOR and are a function of the mapping based 
on BOOTSEL bits in the TDR. 


POWERDOWN: This pin is active low whenever the part 
is in powerdown state, either via DSR POWERDOWN bit 
or via the Auto Powerdown Mode. This pin can be used to 
disable an external oscillator’s output. 
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Table 1.0. 82078 (44 Pin) Description (Continued) 


i @ H/W 
POWER AND GROUND SIGNALS 


Pee We SR DG 


GROUND: 0V 


fe 
eb N/A. ANALOG VOLTAGES Us a | 
Mics 
ome 


N/A VOLTAGE: + 5V for a 5V floppy drive, + 3.3V for a 3.3V drive. 
N/A ANALOG GROUND 
NOTE: 


*The digital power supply Vcc and the analog power supply AVcc should either be the same or regulated to be within 0.1V 
of either. 


ie 
37 
ia 
| 28 
Same 
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1.0 INTRODUCTION 


The 82078 (44 pin) enhanced floppy disk controller 
incorporates several new features allowing for easy 
implementation in both the portable and desktop 
markets. It provides a low cost, small form factor 
solution targeted for 5.0V and 3.3V platforms that do 
not require more than two drive support. 


The 82078 (44 pin) implements these new features 
while remaining functionally compatible with 


82077SL/82077AA/8272A floppy disk controllers. 


82078 44 PIN 


Together with a 24 MHz crystal, a resistor package 
and a device chip select, these devices allow for the 
most integrated solution available. The integrated 
analog PLL data separator has better performance 
than most board level discrete PLL implementations 
and can be operated at 1 Mbps/500 Kbps/ 
300 Kbps/250 Kbps. A 16-byte FIFO substantially 
improves system performance especially in multi- 
master systems (e.g. Microchannel, EISA). 


Figure 1-1 is a block diagram of the 82078. 


INTERNAL OSC. 
“DATARATE _ 
SELECTION 


POWER 
MANAGEMENT 
LOGIC 


INTERNAL BUS 


SERIAL 
INTERFACE WE# 
LOGIC 


WRITE CLK 
GENERATOR 


SEPARATOR 


MICRO- 
CONTROLLER 


MEDIDO:1# 


FLOPPY 


bead Ly FDSI0:1/PD# 
INTERFACE a a 
LOGIC STEP# 
> HDSEL# 


DENSEL# 


290474-2 


Figure 1-1. 82078 Block Diagram 
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2.0 MICROPROCESSOR INTERFACE 


The interface consists of the standard asynchronous signals: RD#, WR#, CS#, AO-A2, INT, DMA control 
and a data bus. The address lines select between configuration registers, the FIFO and control/status regis- 
ters. 


2.1 Status, Data, and Control Registers 


As shown below, the base address range is supplied via the CS# pin. For PC-AT or PS/2 designs, the primary 
and secondary address ranges are 3F0 Hex to 3F7 Hex and 370 Hex to 377 Hex respectively. 


Access 
. aeeepied Fo ae eS 


Lees OU ra a ER Ne 
SSS ee Ee 
[a alee ae 


In the following sections, the various registers are shown in their powerdown state. The “UC” notation stands 
for a value that is returned without change from the active mode. The notation “*’’ means that the value is 
reflecting the required status (for powerdown). ‘‘N/A’”’ means not applicable. ‘“X’’ indicates that the value is 
undefined. 


2.1.1 STATUS REGISTER B (SRB, EREG EN = 1) 


In the AT/EISA mode the SRB is made available whenever the EREG EN bit in the auto powerdown command 
is set. The register functionality is defined as follows (bits 7 through 3 are reserved): 


eee ee ee 
IDLEMSK | PD 


ae oe ee 
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PD and IDLE reflect the inverted values on the corresponding pins when 44PD EN = 1 (these pins are muxed 
with FDS1 and FDME1). The signal on the IDLE# pin can be masked by setting IDLEMSK bit high in this 
register. The IDLE bit will remain unaffected. Since some systems will use the IDLE # pin to provide interrupt to 
the SMM power management, its disabling allows less external interrupt logic and reduction in board space. 
Only hardware reset will clear the IDLEMSK bit to zero. When the IDLEMSK bit is set, there is no way to 
distinguish between autopowerdown and DSR powerdown. 


NOTE: 
The 44 pin versions of the 82078 are designed to support either PD# and IDLE# or FDME1# and FDS1#, 
but not both simultaneously. 


IDLEMSK IDLE # (pin) 
0 unmasked 
1 masked 


2.1.2 DIGITAL OUTPUT REGISTER (DOR) 
The Digital Output Register contains the drive select and motor enable bits, a reset bit and a DMAGATE # bit. 


Cw.) ? fs. 1 1) 2 Le 
EN1 ENO | GATE# : SEL 

wwhestsae| 0 | o | o | o | o | 0 | o | 0 

ioposite | o | o | o» |» | wf | uw | vo 


The MOT ENx bits directly control their respective motor enable pins (FDMEO-1). The DRIVE SEL bit is 
decoded to provide four drive select lines and only one may be active at a time. Standard programming 
practice is to set both MOT ENx and DRIVE SELx bits at the same time. 


NOTE: 
The 44 pin versions of the 82078 are designed to support e/ther PD# and IDLE# or FDME1# and FDS1#, 
but not both simultaneously. 
Table 2-1 lists a set of DOR values to activate the drive select and motor enable for each drive. 


Table 2-1. Drive Activation Value 


0 1CH 
1 2DH 
The DMAGATE # bit is enabled only in PC-AT. If DMAGATE# is set low, the INT and DRQ outputs are 


tri-stated and the DACK# and TC inputs are disabled. DMAGATE# set high will enable INT, DRQ, TC, and 
DACK # to the system. 


The DOR reset bit and the Motor Enable bits have to be inactive when the 82078 is in powerdown. The 
DMAGATE# and DRIVE SEL bits are unchanged. During powerdown, writing to the DOR does not awaken the 
82078 with the exception of activating any of the motor enable bits. Setting the motor enable bits active (high) 
will wake up the part. 


This RESET # bit clears the basic core of the 82078 and the FIFO circuits when the LOCK bit is set to “0” (see 
Section 5.3.2 for LOCK bit definitions). Once set, it remains set until the user clears this bit. This bit is set by a 
chip reset and the 82078 is held in a reset state until the user clears this bit. The RESET # bit has no effect 
upon the register. 
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2.1.3 ENHANCED TAPE DRIVE REGISTER (TDR) 


UC 


st ial 


UC 


NOTE: 
*These bits are only available when EREG EN = 1, otherwise the bits are tri-stated. 


This register allows the user to assign tape support to a particular drive during initialization. Any future refer- 
ences to that drive number automatically invokes tape support. Hardware reset clears this register; software 
resets have no effect. The tape select bits are hardware RESET to zeros, making Drive 0 not available for 
tape support. Drive 0 is reserved for the floppy boot drive. 


The BOOTSEL bit in the 44 pin part is used to remap the drive selects and motor enables. The functionality is 
as described below: 


44PD EN BOOTSEL(TDR) Mapping 


Default ae DSO — FDSO, MEO —> FDMEO 

DS1 —» FDS1, ME1 —> FDME1 

1 DSO — FDS1, MEO — FDME1 
DS1 —» FDSO, ME1 —> FDMEO 


1 X | DSO —» FDSO, MEO — FDMEO 
' DS1 => FD, MET -> IDLE 


The 44PD EN bit in the Auto Powerdown command has precedence over the BOOTSEL bit mapping as shown 
above. 


2.1.4 DATARATE SELECT REGISTER (DSR) 

ae a aes ea ae ee a a ea ie ee 
Function S/W POWER PDOSC PRE- PRE PRE DRATE DRATE 

RESET DOWN COMP2 COMP'1 COMPO SEL1 SELO 

H/W Reset 1 
State 
Auto PD S/W POWER PDOSC PRE- PRE- PRE- DRATE DRATE 
State RESET DOWN COMP2 COMP'1 COMPO SEL1 SELO 


2-88 | 


co) 

intel. 

This register ensures backward compatibility with 
the 82072 floppy controller and is write-only. Chang- 
ing the data rate changes the timings of the drive 
control signals. To ensure that drive timings are not 
violated when changing data rates, choose a drive 


timing such that the fastest data rate will not violate 
the timing. 


The PDOSC bit is used to implement crystal oscilla- 
tor power management. The internal oscillator in the 
82078 can be programmed to be either powered on 
or off via PDOSC. This capability is independent of 
the chip’s powerdown state. Auto powerdown mode 
_and powerdown via the POWERDOWN bit have no 
effect over the power state of the oscillator. 


In the default state the PDOSC bit is low and the 
oscillator is powered up. When this bit is pro- 
grammed to a one, the oscillator is shut off. Hard- 
ware reset clears this bit to a zero. Neither of the 
software resets (via DOR or DSR) have any effect 
on this bit. Note, PDOSC should only be set high 
when the part is in the powerdown state, otherwise 
the part will not function correctly and must be hard- 
ware reset once the oscillator has turned back on 
and stabilized. Setting the PDOSC bit has no effect 
on the clock input to the 82078 (the X1 pin). The 
clock input is separately disabled when the part is 
powered down. The SAVE command checks the 
status of PDOSC, however the RESTORE command 
will not restore the bit high. 


S/W RESET behaves the same as DOR RESET ex- 
cept that this reset is self cleaning. 


POWERDOWN bit implements direct powerdown. 
Setting this bit high will put the 82078 into the pow- 
erdown state regardless of the state of the part. The 
part is internally reset and then put into powerdown. 
No status is saved and any operation in progress is 
aborted. A hardware or software reset will exit the 
82078 from this powerdown state. 


PRECOMP 0-2 adjusts the WRDATA output to the 
disk to compensate for magnetic media phenomena 
known as bit shifting. The data patterns that are sus- 
ceptible to bit shifting are well understood and the 
82078 compensates the data pattern as it is written 
to the disk. The amount of pre-compensation is de- 
pendent upon the drive and media but in most cases 
the default value is acceptable. 


82078 44 PIN 


\ 


Table 2-2. Precompensation Delays 


PRECOMP | Precompensation Delays 


Table 2-3. Default Precompensation Delays 


The 82078 starts pre-compensating the data pattern 
starting on Track 0. The CONFIGURE command can 
change the track that pre-compensating starts on. 
Table 2-2 lists the pre-compensation values that can 
be selected and Table 2-3 lists the default pre-com- 
pensation values. The default value is selected if the 
three bits are zeroes. | 


DRATE 0-1 select one of the four data rates as 
listed in Table 2-4. The default value is 250 Kbps 
upon after a “Hardware” reset. Other “Software” 
Resets do not affect the DRATE or PRECOMP bits. 


Table 2-4. Data Rates © 


Reset pees yc, amin 
Taw ad Sn a 
ear the 


300 Kbps 


250 Kbps 
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2.1.5 MAIN STATUS REGISTER (MSR) 


H/W Reset State 4 
~| Auto PD State 


The Main Status Register is a read-only register and 
is used for controlling command input and result out- 
put for all commands. 


RQM—Indicates that the host can transfer data if 
set to 1. No access is permitted if set to a 0. 


DiO—Indicates the direction of a data transfer once 
RQM is set. A 1 indicates a read and a 0 indicates a 
write is required. 


NON-DMA—This mode is selected in the SPECIFY 
command and will be set to a 1 during the execution 
phase of a command. This is for polled data trans- 
fers and helps differentiate between the data trans- 
fer phase and the reading of result bytes. 


COMMAND BUSY—This bit is set to a one when a 
command is in progress. It goes active after the 
command byte has been accepted and goes inac- 
tive at the end of the results phase. If there is no 
result phase (SEEK, RECALIBRATE commands), 
the bit returns to a O after the last command byte. 


DRV x BUSY—These bits are set to ones when a 
drive is in the seek portion of a command, including 
seeks and recalibrates. 


Some example values of the MSR are: 


¢ MSR = 80H; The controller is ready to receive a 
command. 


¢ MSR = 90H; executing a command or waiting for 
the host to read status bytes (assume DMA 
mode). 

e MSR = 
bytes. 


DOH; waiting for the host to write status 


2.1.6 FIFO (DATA) 


All command parameter information and disk data 
transfers go through the FIFO. The FIFO is 16 bytes 
in size and has programmable threshold values. 
Data transfers are governed by the RQM and DIO 
bits in the Main Status Register. 
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PL BEND A oH LR 
r= Tei gis 
DMA 
AOE ke 
ee eee 


DRV1 DRVO 


CMD RSVD RSVD. 
BSY BUSY BUSY 


REI OF Os at 0 
Pee eee eee eae | 


The FIFO defaults to an 8272A compatible mode 
after a “Hardware” reset (Reset via pin 32). ‘‘Soft- 
ware’”’ Resets (Reset via DOR or DSR register) can 
also place the 82078 into 8272A compatible mode if 
the LOCK bit is set to ‘O0” (See the definition of the 
LOCK bit), maintaining PC-AT hardware compatibil- 
ity. The default values can be changed through the 
CONFIGURE command (enable full FIFO operation 
with threshold control). The advantage of the FIFO 
is that it allows the system a larger DMA latency 
without causing a disk error. Table 2-5 gives several 
examples of the delays with a FIFO. The data is 
based upon the following formula: 


Threshold# x 1/DATA RATE xX 8 — 1.5 ws = DELAY 


Table 2-5. Delay Servicing Time 


Examples at 1 Mbps Data Rate* 


NOTE: 
*Not available on the 82078-5. 


Examples at 500 Kbps Data Rate* 


At the start of a command, the FIFO action is always 
disabled and command parameters must be sent 
based upon the RQM and DIO bit settings. As the 
82078 enters the command execution phase, it 
clears the FIFO of any data to ensure that invalid 
data is not transferred. An overrun or underrun will 
terminate the current command and the transfer of 
data. Disk writes will complete the current sector by 
generating a 00 pattern and valid CRC. 


ee 
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2.1.7 DIGITAL INPUT REGISTER (DIR) 
Only bit 7 is driven, all other bits remain tri-stated. 
(alae aan ake 2 


H/W Reset State DSK CHG # 


NOTE: 
(—) means these bits are tri-stated. 


DSKCHG# monitors the pin of the same name and 
reflects the opposite value seen on the disk cable. 
The DSKCHG # bit is forced inactive along with all 
the inputs from the floppy disk drive. All the other 
bits remain tri-stated. 


2.2 Reset 


There are three sources of reset on the 82078; the 
RESET pin, a reset generated via a bit in the DOR 
and a reset generated via a bit in the DSR. All resets 
take the 82078 out of the powerdown state. 


In entering the reset state, all operations are termi- 
nated and the 82078 enters an idle state. Activating 
reset while a disk write activity is in progress will 
corrupt the data and CRC. 


On exiting the reset state, various internal registers 
are cleared, and the 82078 waits for a new com- 
mand. Drive polling will start unless disabled by a 
new CONFIGURE command. 


2.2.1 RESET PIN (“HARDWARE”) RESET 


The RESET pin is a global reset and clears all regis- 
ters except those programmed by the SPECIFY 
command. The DOR Reset bit is enabled and must 
be cleared by the host to exit the reset state. 


2.2.2 DOR RESET vs DSR RESET 
(“SOFTWARE” RESET) 


These two resets are functionally the same. The 
DSR Reset is included to maintain 82072 compatibil- 
ity. Both will reset the 8272 core which affects drive 
status information. The FIFO circuits will also be re- 
set if the LOCK bit is a “0” (see definition of the 
LOCK bit). The DSR Reset clears itself automatically 
while the DOR Reset requires the host to manually 
clear it. DOR Reset has precedence over the DSR 
Reset. The DOR Reset is set automatically upon a 
pin RESET. The user must manually clear this reset 
bit in the DOR to exit the reset state. 


82078 44 PIN 


The t30a specification in the A.C. Specifications 
gives the minimum amount of time that the DOR re- 
set must be held active. This amount of time that the 
DOR reset must be held active is dependent upon 
the data rate. 82078 requires that the DOR reset bit 
must be held active for at least 0.5 ws at 250 Kbps. 
This is less than a typical ISA I/O cycle time. 


2.3 DMA Transfers 


DMA transfers are enabled with the SPECIFY com- 
mand and are initiated by the 82078 by activating 
the DRQ pin during a data transfer command. The 
FIFO is enabled directly by asserting DACK# and 
addresses need not be valid (CS # can be held inac- 
tive during DMA transfers). 


3.0 DRIVE INTERFACE 


The 82078 has integrated all of the logic needed to 
interface to a floppy disk or a tape drive which use 
floppy interface. All drive outputs have 12 mA drive 
capability and all inputs use a receive buffer with 
hysteresis. The internal analog data separator 
requires no external components, yet allows for an 
extremely wide capture range with high levels of 
read-data jitter, and ISV. The designer needs only to 
run the 82078 disk drive signals to the disk or tape 
drive connector. 


3.1 Cable interface 


Generally, 5.25” drive uses open collector drivers 
and 3.5” drives use totem-pole drivers. The output 
buffers on the 82078 do not change between open 
collector or totem-pole, they are always totem-pole. 


DRVDENO and DRVDEN1 connect to pins 2 and 6 
or 33 (on most disk drives) to select the data rate 
sent from the drive to the 82078. The polarity of 
DRVDENO and DRVDEN1 can be programmed 
through the Drive Specification command (see the 
command description for more information). 
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3.2 Host and FDD Interface Drivers 


The chart below shows the drive capabilities of the 
82078. 


Drive 3.3V 5.0V 
Requirement (loL/lon) (loc/lon) 


FDD = 12 mA/—4mA 
SYS = 12 mA/—4mA 


82078 Drivers FDD = 6mA/—-2mA 
SYS = 6mA/-2mA 


Today’s floppy disk drives have reduced the output 
buffer’s drive requirements on the floppy drive inter- 
face to 6 mA per drive at 5.0V. To support 2 drives, 
the drive output buffer drive capability needs to be 
12 mA (at 5.0V). This is a reduction from 40 mA 
needed on the 82077SL. At 3.3V the 82078 halves 
the drive capability to 6 mA (3 mA per drive). 


The slew rate control on the output buffers of the 
82078 has been changed to reduce noise. The di/dt 
of the output drivers has been controlled such that 
the noise on the signal is minimized. The transition 
times are illustrated in the table below: 


Signal | Transition 
Edge Time (ns) 
NOTE: | 


*At 5.6V, 0°C, 50 pF load, 10% Vcc to 90% Vcc. 


REFERENCE 
OSCILLATOR 


REFERENCE 
PHASE LOCK LOOP 


3.3 Data Separator 


The function of the data separator is to lock onto the 
incoming serial read data. When lock is achieved the 
serial front end logic of the chip is provided with a 
clock which is synchronized to the read data. The 
synchronized clock, called Data Window, is used to 
internally sample the serial data. One state of Data 
Window is used to sample the data portion of the bit 
cell, and the alternate state samples the clock por- 
tion. Serial to parallel conversion logic separates the 
read data into clock and data bytes. 


To support reliable disk reads the data separator 
must track fluctuations in the read data frequency. 
Frequency errors primarily arise from two sources: 
motor rotation speed variation and instantaneous 
speed variation (ISV). A second condition, and one 
that opposes the ability to track frequency shifts is 
the response to bit jitter. . 


The internal data separator consists of two analog 
phase lock loops (PLLs) as shown in Figure 3-1. The 
two PLLs are referred to as the reference PLL and 
the data PLL. The reference PLL (the master PLL) is 
used to bias the data PLL (the slave PLL). The refer- 
ence PLL adjusts the data PLL’s operating point as a 
function of process, junction temperature and supply 
voltage. Using this architecture it was possible to 
eliminate the need for external trim components. 


ANALOG TRIM DATA 


SYNC. DET. 


TAPE/DISK 
DATA 


SYNC DETECT 


DELAYED 
DATA 


DATA INTERNAL 
PHASE LOCK LOOP DW 


READ DATA 
290474-3 


Figure 3-1. Data Separator Block Diagram 
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Phase Lock Loop Overview 


PHASE 
DETECTOR 


READ 


DATA CHARGE 


vco PUMP 


ENABLE 


SP Te aR eas 


2x CLOCK 


ANALOG TRIM DATA 
FROM REFERENCE 
PHASE LOCK LOOP 
LOOP | 

FILTER : 


DATA 
WINDOW, 
vco 
FEEDBACK 


INTERNAL 
DW 
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Figure 3-2. Data PLL 


Figure 3-2 shows the data PLL. The reference PLL 
has control over the loop gain by its influence on the 
charge pump and the VCO. In addition, the refer- 
ence PLL controls the loop filter time constant. As a 
result, the closed loop transfer function of the data 
PLL is controlled, and immune to the first order, to 
environmental factors and process variation. 


Systems with analog PLLs are often very sensitive to 
noise. In the design of this data separator, many 
steps were taken to avoid noise sensitivity problems. 
The analog section of the chip has a separate Vss 
pin (AVss) which should be connected externally to 
a noise free ground. This provides a clean basis for 
Vss referenced signals. In addition, many analog cir- 
cuit features were employed to make the overall sys- 
tem as insensitive to noise as possible. 


3.3.1 JITTER TOLERANCE 


The jitter immunity of the system is dominated by the 
data PLL’s response to phase impulses. This is mea- 
sured as a percentage of the theoretical data win- 
dow by dividing the maximum readable bit shift by a 
1%, bitcell distance. For instance, if the maximum al- 
lowable bit shift is 300 ns for a 500 Kbps data 
stream, the jitter tolerance is 60%. 


3.3.2 LOCKTIME (tLock) 


The lock, or settling time of the data PLL is designed 
to be 64-bit times (8 sync bytes). The value assumes 
that the sync field jitter is 5% the bit cell or less. This 
level of jitter is realistic for a constant bit pattern. 
Intersymbol interference should be equal, thus near- 
ly eliminating random bit shifting. 


3.3.3 CAPTURE RANGE 


Capture Range is the maximum frequency range 
over which the data separator will acquire phase 
lock with the incoming RDDATA signal. In a floppy 
disk environment, this frequency variation is com- 
posed of two components: drive motor speed error 
and ISV. Frequency is a factor which may determine 
the maximum level of the ISV (Instantaneous Speed 
Variation) component. In general, as frequency in- 
creases the allowed magnitude of the ISV compo- 
nent will decrease. When determining the capture 
range requirements, the designer should take the 
maximum amount of frequency error for the disk 
drive and double it to account for media switching 
between drives. 


3.4 Write Precompensation 


The write precompensation logic is used to minimize 
bit shifts in the RDDATA stream from the disk drive. 
The shifting of bits is a known phenomena of mag- 
netic media and is dependent upon the disk media 
AND the floppy drive. 


The 82078 monitors the bit stream that is being sent 
to the drive. The data patterns that require precom- 
pensation are well known. Depending upon the pat- 
tern, the bit is shifted either early or late (or not at all) 
relative to the surrounding bits. Figure 3-3 is a block 
diagram of the internal circuit. 


The top block is a 13-bit shift register with the no 
delay tap being in the center. This allows 6 levels of 
early and late shifting with respect to nominal. The 
shift register is clocked at the main clock rate 
(24 MHz). The output is fed into 2 multiplexors, one 
for early and one for late. A final stage of multiple- 
xors combines the early, late and normal data 
stream back into one which is the WRDATA output. 
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Figure 3-3. Precompensation Block Diagram 


4.0 POWER MANAGEMENT 
FEATURES 


The 82078 contains power management features 
that makes it ideal for design of portable personal 
computers. These features can be classified into 
power management of the part and that of the inter- 
nal oscillator. The powerdown of the part is done 
independently of the internal oscillator in the 82078. 


4.1 Power Management Scheme 


The portable market share of the personal comput- 
ing market has increased significantly. To improve 
power conservation on portable platforms, designs 
are migrating from 5.0V to 3.3V. Intel’s 82078-3 al- 
lows designers to incorporate 3.3V floppy disk con- 
troller support in their systems. 


The 82078 supports two powerdown modes, direct 
powerdown and automatic powerdown. Direct pow- 
erdown refers to direct action by the software to 
powerdown without dependence on external factors. 
Automatic powerdown results from 82078’s monitor- 
ing of the current conditions according to a previous- 
ly programmed mode. Any hardware reset disables 
the automatic POWERDOWN command, however 
software resets have no effect on the command. 
The 82078 also supports powerdown of its internal 
crystal oscillator independent of the powerdown 
modes described above. By setting bit 5 (PDOSC) in 
the DSR register, the internal oscillator is turned off. 
This bit has sole control of the oscillator powerdown, 
allowing the internal clock to be turned off when an 
external oscillator is used. 
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4.2 Oscillator Power Management 


The 82078 supports a built-in crystal oscillator that 
can be programmed to be either powered down or 
active, independent of the power state of the chip. 
This capability is implemented by the PDOSC bit in 
the DSR. When PDOSC is set low, the internal oscil- 
lator is on. When PDOSC is set high, the internal 
oscillator is off. Note, a DSR powerdown does not 
turn off the oscillator. 


When the external oscillator is used, power can be 
saved by turning off the internal oscillator. If the in- 
ternal oscillator is used, the oscillator may be pow- 
ered up (even when the rest of the chip is powered 
off) allowing the chip to wake up quickly and in a 
stable state. It is recommended to keep the internal 
oscillator on even when in the powerdown state. 
The main reason for this is that the recovery time of 
the oscillator during wake up may take tens of milli- 
seconds under the worst case, which may create 
problems with any sensitive application software. In 
a typical application the internal oscillator should be 
on unless the system goes into a power saving or 
standby mode (such a mode request would be made 
by a system time out or by a user). In this case, the 
system software would take over and must turn on 
the oscillator sufficiently ahead of awakening the 
part. 


In the case of the external oscillators, the power up 
characteristics are similar. If the external source re- 
mains active during the time the 82078 is powered 
down, then the recovery time effect is minimized. 
The PD# pin can be used to turn off the external 
source. While the PD# pin is active 82078 does not 
require a clock source. However, when the PD# pin 
is inactive, the clocking source, once it starts oscil- 
lating, must be completely stable to ensure that the 
82078 operates properly. 
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4.3 Part Power Management 


This section deals with the power management of 
the rest of the chip excluding the oscillator. This sec- 
tion explains powerdown modes and wake up 
modes. 


4.3.1 DIRECT POWERDOWN 


Direct powerdown is conducted via the POWER- 
DOWN bit in the DSR register (bit 6). Programming 
this bit high will powerdown 82078. All status is lost 
if this type of powerdown mode is used. The part can 
exit powerdown from this mode via any hardware or 
software reset. This type of powerdown overrides 
the automatic powerdown. When the part is in auto- 
matic powerdown and the DSR powerdown is is- 
sued, the previous status of the part is lost and the 
82078 resets to software default values. 


4.3.2 AUTO POWERDOWN 


Automatic powerdown is conducted via a “Power- 
down Mode” command. There are four conditions 
required before the part will enter powerdown. All of 
these conditions must be true for the part to initiate 
the powerdown sequence. These conditions follow: 


1. The motor enable pins FDME[0:1] must be inac- 
tive. 


2. The part must be idle; this is indicated by MSR = 
80H and INT = 0 (INT may be high even if MSR 
= 80H due to polling interrupt). 


3. The Head Unload Timer (HUT, explained in the 
SPECIFY command) must have expired. 


4. The auto powerdown timer must have timed out. 


The command can be used to enable powerdown by 
setting the AUTO PD bit in the command to high. 
The command also provides a capability of program- 
ming a minimum power up time via the MIN DLY bit 
in the command. The minimum power up time refers 
to a minimum amount of time the part will remain 
powered up after being awakened or reset. An inter- 
nal timer is initiated as soon as the auto powerdown 
command is enabled. The part is then powered 
down provided all the remaining conditions are met. 
Any software reset will reinitialize the timer. Chang- 
ing of data rate extends the auto powerdown timer 
by up to 10 ms, but only if the data rate is changed 
during the countdown. 


Disabling the auto powerdown mode cancels the 
timers and holds the 82078 out of auto powerdown. 


The IDLE# pin can be masked via the IDLEMSK bit 
in Status Register B (EREG EN = 1). 
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4.3.3 WAKE UP MODES 


This section describes the conditions for awakening 
the part from both direct and automatic powerdown. 
Power conservation or extension of battery life is the 
main reason power management is required. This 
means that the 82078 must be kept in powerdown 
state as long as possible and should be powered up 
as late as possible without compromising software 
transparency. 


To keep the part in powerdown mode as late as pos- 
sible implies that the part should wake up as fast as 
possible. However, some amount of time is required 
for the part to exit powerdown state and prepare the 
internal microcontroller to accept commands. Appli- 
cation software is very sensitive to such a delay and 
in order to maintain software transparency, the re- 
covery time of the wake up process must be careful- 
ly controlled by the system software. 


4.3.3.1 Wake Up from DSR Powerdown 


If the 82078 enters the powerdown through the DSR 
powerdown bit, it must be reset to exit. Any form of 
software or hardware reset will serve, although DSR 
is recommended. No other register access will 
awaken the part, including writing to the DOR’s mo- 
tor enable (FDME[0:1]) bits. 


lf DSR powerdown is used when the part is in auto 
powerdown, the DSR powerdown will override the 
auto powerdown. However, when the part is awak- 
ened by a software reset, the auto powerdown com- 
mand (including the minimum delay timer) will once 
again become effective as previously programmed. 
If the part is awakened via a hardware reset, the 
auto powerdown is disabled. 


After reset, the part will go through a normal se- 
quence. The drive status will be initialized. The FIFO 
mode will be set to default mode on a hardware re- 
set or on a software reset if the LOCK command has 
not blocked it. Finally, after a delay, the polling inter- 
rupt will be issued. 


4.3.3.2 Wake Up from Auto Powerdown 


If the part enters the powerdown state through the 
auto powerdown mode, then the part can be awak- 
ened by reset or by appropriate access to certain 
registers. 


lf a hardware or software reset is used then the part 
will go through the normal reset sequence. If the 
access is through the selected registers, then the 
82078 resumes operation as though it was never in 
powerdown. Besides activating the RESET pin or 
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one of the software reset bits in the DOR or DSR, 
the following register accesses will wake up the part: 


1. Enabling any one of the motor enable bits in the 
DOR register (reading the DOR does not awaken 
the part) 


2. A read from the MSR register 
3. A read or write to the FIFO register 


Any of these actions will wake up the part. Once 
awake, 82078 will reinitiate the auto powerdown tim- 
er for 10 ms or 0.5s (depending on the MIN DLY bit 
the auto powerdown command). The part will power- 
down again when all the auto powerdown conditions 
are satisfied. 


4.4 Register Behavior 


' The register descriptions and their values in the 
powerdown state are listed in the Microprocessor 
Interface section. Table 4-1 reiterates the configura- 
tion registers available. It also shows the type of 
access permitted. In order to maintain software 
transparency, access to all the registers must be 
maintained. As Table 4-1 shows, two sets of regis- 
ters are distinguished based on whether their ac- 
cess results in the part remaining in powerdown 
state or exiting it. 


Table 4-1. 82078 Register Behavior 
Address 


Available Registers Access 


Access to these registers 
DOES NOT wake up the part 


001 SRB (EREG EN = 1) 
010 
011 


110 
111 
111 
100 
101 


= | 


R/W 

R/W 

R/W 
W 
W 


NOTE: 
*Writing to the DOR or DSR does not wake up the part, 
however, writing any of the motor enable bits or doing a 
software reset (either via DOR or DSR reset bits) will wake 
up the part. 
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Access to all other registers is possible without 
awakening the part. These registers can be ac- 
cessed during powerdown without changing the 
status of the part. A read from these registers will 
reflect the true status as shown in the register de- 
scription in Section 2.1. A write to the part will result 
in the part retaining the data and subsequently re- 
flecting it when the part awakens. Accessing the 
part during powerdown may cause an increase in 
the power consumption by the part. The part will re- 
vert back to its low power mode when the access 
has been completed. None of the extended registers 
effect the behavior of the powerdown mode. 


4.5 Pin Behavior 


The 82078 is specifically designed for the portable 
PC systems in which the power conservation is a 
primary concern. This makes the behavior of the 
pins during powerdown very important. 


The pins of 82078 can be divided into two major 
categories; system interface and floppy disk drive 
interface. The floppy disk drive pins are disabled 
such that no power will be drawn through the 82078 
as a result of any voltage applied to the pin within 
the 82078’s power supply range. The floppy disk 
drive interface pins are configurable by the FDI TRI 
bit in the auto powerdown command. When the bit is 
set the output pins of the floppy disk drive retain 
their original state. All other pins are either disabled 
or unchanged as depicted in Table 4-4. Most of the 
system interface pins are left active to monitor sys- 
tem accesses that may wake up the part. 


4.5.1 System Interface Pins 


Table 4-2 gives the state of the system interface 
pins in the powerdown state. Pins unaffected by 
powerdown are labeled “UC’’. Input pins are ‘‘DIS- 
ABLED” to prevent them from causing currents in- 
ternal to the 82078 when they have indeterminate 
input values. 


a 
intel. 
Table 4-2. System Interface Pins 


System State In State In 
Pins | Power Down Power Down 

| DRQ | UC (Low) 

UC (Low) 

HIGH 
IDLE #* | High (Auto PD) 
Low (DSR PD) 


| 
pata 


Vigo 
ep) 
+ 


= 
32 
+ | 


UC 
ia. 
UC 
UC 
UC 


O 
ie) 


RESET UC 


DACK # Disabled 


TO Disabled 
X[1:2] | Programmable 


NOTE: 
*These pins are muxed with FDS1 and FDME1 and are 
only available when 44PD EN = 1. 


Two pins which can be used to indicate the status of 
the part are IDLE# and PD#. Table 4-3 shows how 
these pins reflect the 82078 status. Note that these 
pins are only enabled when 44PD EN = 1. 

Table 4-3. 82078 Status Pins 


(PD | IDLE | MSR | PartStatus 


MSR[6:0] = X 
os A 
2 SI Na 


The IDLE# pin indicates when the part is in idle 
state and can be powered down. It is a combination 
of MSR equaling 80H, the head being unloaded and 
the INT pin being low. As shown in the table, the 
- IDLE # pin will be low when the part is in DSR pow- 
erdown state. The PD# pin is active whenever the 
part is in the powerdown state. It is active for either 
mode of powerdown. The PD# pin can be used to 
turn off an external oscillator of other floppy disk 
drive interface hardware. 


4.5.2 FDD INTERFACE PINS 


The FDD interface “input” pins during powerdown 
are disabled or unchanged as shown in Tabie 4-4. 
The floppy disk drive “output” pins are programma- 
ble by the FDI TRI bit in the auto powerdown com- 
mand. Setting of the FDI TRI bit in the auto power 
down command results in the interface retaining its 
normal state. When this bit is low (default state) all 
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output pins in the FDD interface to the floppy disk 
drive itself are tri-stated. Pins used for local logic 
control or part programming are unaffected. Table 
4-4 depicts the state of the floppy disk interface pins 
in the powerdown state (FDI TRI is low). 


Table 4-4. 82078 FDD Interface Pins 


FDD Pins 


INDX # Disabled |STEP# 
DSKCHG#} Disabled | WRDATA# 


5.0 CONTROLLER PHASES 


For simplicity, command handling in the 82078 can 
be divided into three phases: Command, Execution 
and Result. Each phase is described in the following 
sections. 


When there is no command in progress, the 82078 
can be in idle, drive polling or powerdown state. 


5.1 Command Phase 


After a reset, the 82078 enters the command phase 
and is ready to accept a command from the host. 
For each of the commands, a defined set of com- 
mand code bytes and parameter bytes has to be 
written to the 82078 before the command phase is 
complete (Please refer to Section 6.0 for the com- 
mand descriptions). These bytes of data must be 
transferred in the order prescribed. 


Before writing to the 82078, the host must examine 
the RQM and DIO bits of the Main Status Register. 
RQM, DIO must be equal to “1” and “0” respective- 
ly before command bytes may be written. RQM is 
set false by the 82078 after each write cycle until the 
received byte is processed. The 82078 asserts RQM 
again to request each parameter byte of the com- 
mand, unless an illegal command condition is de- 
tected. After the last parameter byte is received, 
RQM remains “0’’, and the 82078 automatically en- 
ters the next phase as defined by the command defi- 
nition. 
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The FIFO is disabled during the command phase to 
retain compatibility with the 8272A, and to provide 
for the proper handling of the “Invalid Command” 
condition. 


5.2 Execution Phase 


All data transfers to or from the 82078 occur during 
the execution phase, which can proceed in DMA or 
non-DMA mode as indicated in the SPECIFY com- 
mand. 


Each data byte is transferred by an INT or DRQ 
depending on the DMA mode. The CONFIGURE 
command can enable the FIFO and set the FIFO 
threshold value. | 


The following paragraphs detail the operation of the 
FIFO flow control. In these descriptions, (threshold) 
is defined as the number of bytes available to the 
82078 when service is requested from the host, and 
ranges from 1 to 16. The parameter FIFOTHR which 
the user programs is one less, and ranges from 0 to 
45; 


A low threshold value (i.e. 2) results in longer peri- 
ods of time between service requests, but requires 
faster servicing of the request, for both read and 
write cases. The host reads (writes) from (to) the 
FIFO until empty (full), then the transfer request 
goes inactive. The host must be very responsive to 
the service request. This is the desired case for use 
with a ‘fast’ system. 


A high value of threshold (i.e. 12) is used with a 
“sluggish” system by affording a long latency period 
after a service request, but results in more frequent 
service requests. 


5.2.1 NON-DMA MODE, TRANSFERS FROM 
THE FIFO TO THE HOST 


The INT pin and RQM bits in the Main Status Regis- 
ter are activated when the FIFO contains 16 (or set 
threshold) bytes, or the last bytes of a full sector 
transfer have been placed in the FIFO. The INT pin 
can be used for interrupt driven systems and RQM 
can be used for polled sytems. The host must re- 
spond to the request by reading data from the FIFO. 
This process is repeated until the last byte is trans- 
ferred out of the FIFO, then 82078 deactivates the 
INT pin and RQM bit. 
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5.2.2 NON-DMA MODE, TRANSFERS FROM 
THE HOST TO THE FIFO 


The INT pin and RQM bit in the Main Status Register 
are activated upon entering the execution phase of 
data transfer commands. The host must respond to 
the request by writing data into the FIFO. The INT 
pin and RQM bit remain true until the FIFO becomes 
full. They are set true again when the FIFO has 
(threshold) bytes remaining in the FIFO. The INT pin 
will also be deactivated if TC and DACK# both go 
inactive. The 82078 enters the result phase after the 
last byte is taken by the 82078 from the FIFO (i.e. 
FIFO empty condition). 


5.2.3 DMA MODE, TRANSFERS FROM THE 
FIFO TO THE HOST 


The 82078 activates the DRQ pin when the FIFO 
contains 16 (or set threshold) bytes, or the last byte 
of a full sector transfer has been placed in the FIFO. 
The DMA controller must respond to the request by 
reading data from the FIFO. The 82078 will deacti- 
vate the DRQ pin when the FIFO becomes empty. 
DRQ goes inactive after DACK# goes active for the 
last byte of a data transfer (or on the active edge of 
RD#, on the last byte, if no edge is present on 
DACK #) Note that DACK# and TC must overlap for 
at least 50 ns for proper functionality. 


5.2.4 DMA MODE, TRANSFERS FROM THE 
HOST TO THE FIFO 


The 82078 activates the DRQ pin when entering the 
execution phase of the data transfer commands. 
The DMA controller must respond by activating the 
DACK# and WR# pins and placing data in the 
FIFO. DRQ remains active until the FIFO becomes 
full. DRQ is again set true when the FIFO has 
(threshold) bytes remaining in the FIFO. The 82078 
will also deactivate the DRQ pin when TC becomes 
true (qualified by DACK# by overlapping by 50 ns), 
indicating that no more data is required. DRQ goes 
inactive after DACK # goes active for the last byte of 
a data transfer (or on the active edge of WR# of the 
last byte, if no edge is present on DACK #). 


eae. 
intel. 
5.2.5 DATA TRANSFER TERMINATION 


The 82078 supports terminal count explicitly through 
the TC pin and implicitly through the underrun/over- 
run and end-of-track (EOT) functions. For full sector 
transfers, the EOT parameter can define the last 
sector to be transferred in a single or multisector 
transfer. If the last sector to be transferred is a par- 
tial sector, the host can stop transferring the data in 


mid-sector, and the 82078 will continue to complete | 


the sector as if a hardware TC was received. The 
only difference between these implicit functions and 
TC is that they return “abnormal termination” result 
status. Such status indications can be ignored if they 
were expected. 


Note that when the host is sending data to the FIFO 
of the 82078, the internal sector count will be com- 
plete when 82078 reads the last byte from its side of 
the FIFO. There may be a delay in the removal of 
the transfer request signal of up to the time taken for 
the 82078 to read the last 16 bytes from the FIFO. 
The host must tolerate this delay. 


5.3 Result Phase 


The generation of INT determines the beginning of 
the result phase. For each of the commands, a de- 


82078 44 PIN 


fined set of result bytes has to be read from the 
82078 before the result phase is complete. (Refer to 
Section 6.0 on command descriptions.) These bytes 
of data must be read out for another command to 
start. 


RQM and DIO must both equal ‘‘1” before the result 
bytes may be read from the FIFO. After all the result 
bytes have been read, the RQM and DIO bits switch 
to “1” and “0” respectively, and the CB bit is 
cleared. This indicates that the 82078 is ready to 
accept the next command. 


6.0 COMMAND SET/DESCRIPTIONS 


Commands can be written whenever the 82078 is in 
the command phase. Each command has a unique 
set of needed parameters and status results. The 
82078 checks to see that the first byte is a valid 
command and, if valid, proceeds with the command. 
If it was invalid, the next time the RQM bit in the 
MSR register is a “1”’ the DIO and CB bits will also 
be ‘1’, indicating the FIFO must be read. A result 
byte of 80H will be read out of the FIFO, indicating 
an invalid command was issued. After reading the 
result byte from the FIFO the 82078 will return to the 
command phase. Table 6-1 is a summary of the 
Command set. 
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Command 


Execution 


Result 


Command 


Execution 


Result 


Command 


Execution 


Result 
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Ww 
WwW 
WwW 
Ww 
W 
WwW 
W 
W 
Ww 


DDD Dw DD 


Dd 2, a 5 


DATA BUS 


D4 


D3 
READ DATA 


Command Codes 


Sector ID Information Prior 
to Command Execution 


Data Transfer Between the 
FDD and System 


Status Information After 


Command Execution 


Sector ID Information After 
Command Execution 


Sector ID Information Prior 
to Command Execution 


Data Transfer Between the 
FDD and System 


Status Information After 


Command Execution 


Sector ID Information After 
Command Execution 


Command Codes 


Sector ID Information Prior 
to Command Execution 


Data Transfer Between the 
FDD and System 


Status Information After 


Command Execution 


Sector ID Information After 
Command Execution 


Se fe ees : Lins — a. aS +. yew ah te 2 ; re Ree se 6 . et gee pc et oe 


In ieee : 82078 44 PIN 


Table 6-1. 82078 Command Set (Continued) 


Phase R/W DATA BUS Remarks 
D7 Dg Ds Dg D3 D2 D; Do 


WRITE DELETED DATA 


Command 1 Command Codes 
HDS DS1 DSO 


Sector ID Information Prior 
to Command Execution 


Execution ; Data Transfer Between the 
FDD and System 


Result ON rie eae inet = es Ping ee Status Information After 


Command Execution 


Sector ID Information After 
Command Execution 


0 1 0 Command Codes 
HDS DS1 DSO 


Command 


Sector ID Information Prior 
to Command Execution 


2222222. 


Execution Data Transfer Between the 
FDD and System. FDC 
Reads All Sectors from 
Index Hole to EOT 


Result otek a ae ee ee A RO A) eee ae ae eee, Status Information After 
Command Execution 


Sector ID Information After 
Command Execution 


1 1 Command Codes 
HDS DS1 vil 


Command 


Sector ID Information Prior 
to Command Execution 


S==zzzzzzz=e 


Execution No Data Transfer Takes 
Place 


Status Information After 
Command Execution 


Result 


Sector ID Information After 
Command Execution 


De DDD D 
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Table 6-1. 82078 Command Set (Continued) 


Phase R/W DATA BUS 


FORMAT TRACK 


Command Command Codes 
Bytes/Sector 
Sectors/Cylinder 
Gap3 

Filler Byte 


Z=22 222 


Execution 
For Each 
Sector 
Repeat: 


Input Sector 
Parameters 


=== 


+ 


82078 Formats an Entire 
Cylinder 


Result Seas PS. a STO mooie eee | oratus Information After 
ST 1 Command Execution 
ST2 
Undefined 
Undefined 
Undefined 
Undefined 


SCAN EQUAL 


Command 0 Command Codes 
HDS 


x 


Sector ID Information 
Prior to Command 
Execution 


=S=zzzezzzze=e 


Execution Data Compared 
Between the FDO 
and Main-System 


Status Information 
After Command 
Execution 


Result 


Sector ID Information 
After Command 
Execution 


are ao a ae 


2-102 


in , 82078 44 PIN 


Table 6-1. 82078 Command Set (Continued) 


DATA BUS a 


SCAN LOW OR EQUAL 
Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Execution Data Compared 
Between the FDO 
and Main-System 


Status Information 
After Command 
Execution 


Result 


Sector ID Information 
After Command 
Execution 


R 
R 
R 
R 
R 
R 
R 


Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Execution Data Compared 
; Between the FDO 
and Main-System 


Status Information 
After Command . 
Execution 


Result 


Sector ID Information 
After Command 
Execution 


De De 
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Command 


Execution 


Command 


Result 


Command 


Command 


Result 


Command 
Phase 


Result 
Phase 


Command 


Execution 


Command 


2-104 


R/W 


=o ES 


aU! gl “ao ae 


Ww 
Ww 
_W 
Ww 


DATA BUS 
Dg D3 
RECALIBRATE 


SENSE INTERRUPT STATUS 


DRT1 DRTO 
0 0 
DRT1 DRTO 
PTS DRT1 DRTO 


0 


EFIFO POLL 


PRETRK 


Table 6-1. 82078 Command Set (Continued) 


DT1 
0 


DT1 


Command Codes 
Enhanced Controller 


Head Retracted to Track 0 


Command Codes 


Status Information at the 
End of Each Seek 
Operation 


Command Codes 


Command Codes 


Status Information About 
FDD 


Command Codes 
0-46 Bytes Issued 
Drive 0 

Drive 1 


RSVD 
RSVD 


Command Codes 


Command 
Execution 


Result 


ST 0 [ape 0 [ies 3 Jes 6 I 9 ec Ne 6 Jie 0 lee 


Command 


Execution 


Result 


Command WwW 
Result 


W 
W 


Result 


ee 
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Table 6-1. 82078 Command Set (Continued) 


Do 


PCN-Drive 0 
PCN-Drive 1 
RSVD 
RSVD 


HLT 
SC/EOT 

0 0 D; Do GAP 

EIS EFIFO POLL ____ FIFOTHR 
PRETRK 


READ ID 


0 
HDS 


LOCK 
PART ID 


1 0 
—STEPPING— 


POWERDOWN MODE 


0 1 
EREG 44PD 
EN EN 


EREG 44PD 
EN EN 


OPTION 


1 0 
omer OND eae 


*Note 
Registers Placed in FIFO 


ND 


WGATE 


Commands 


The First Correct ID 
Information on the Cylinder 
is Stored in Data Register 


Status Information After 
Command Execution 


Disk Status After the 
Command has Completed 
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NOTE: 


BAIDAIAIIWAII.DIDzA yD 


R 
R 


22 2ESSSSESTSES = 


SEL 


0 


0 
EIS 


0 


Table 6-1. 82078 Command Set (Continued) 


0 
EFIFO 


EREG 
EN 


EFIFO 


EREG 
EN 


‘a 


DATA BUS 


PCO DRATE1 
0 0 0 0 


PCN-Drive 0 
PCN-Drive 1 
RSVD 
RSVD 


HLT 
SC/EOT 
0 D; Do GAP 
POLL —_—SCsés=~&FIFOTHR 
PRETRK 
44PD RSVD_ FDI MIN 
EN TRI DLY 
DISK/STATUS 
RSVD 


PCO DRATE1 


0 0 
PCN-Drive 0 
PCN-Drive 1 
RSVD 
RSVD 


HLT 
SC/EOT 

0 D; Do GAP 
POLL -—S™_—SC=~FFIFOTHR 
PRETRK 

44PD RSVD MIN 
EN DLY 
DISK/STATUS 

RSVD 

RSVD 


*For the 82078, 82078-5, SEL3V# = 1. For the 82078-3, SEL3V# = 0. 
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Command Code 


DRATEO Save Info to Reprogram the 


FDC 
ISO 


ND 


WGATE 


Command Code 


DRATEO Restore Original 


ISO Register Status 


Command 


Execution 
Repeated 
for each 
Sector 


Result 
Phase 


Command 


Result 


Ww 
Ww 
Ww 
W 
W 
W 
W 
Ww 
W 
Ww 
Ww 


we oo 


Table 6-1. 82078 Command Set (Continued) 


DATA BUS 
D, D3 Do 
FORMAT AND WRITE 


Data Transfer of N Bytes 


STO 

ST 1 

ST 2 
Undefined 
Undefined 
Undefined 
Undefined 


INVALID 
Invalid Codes 
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Command Code 


Input 
Sector 
Parameters 


82078 Formats and Writes 
Entire Track 


Invalid Command Codes 
(NoOp — 82078 Goes into 
Standby State) 


ST 0 = 80H 
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Parameter Abbreviations 
Symbol Description : 
44PD EN Powerdown pin status. This bit allows the PD and IDLE pins to be available at FDS1 and 


FDME1 instead of the DS1 and ME1 pins. The BOOTSEL bit in the 44 pin part remaps the 
drive selects and motor enables when this bit is low. See the table below for functionality: 


44PD EN BOOTSEL(TDR) Mapping 


DSO — FDSO, MEO —> FDMEO 
DS1 — FDS1, ME1 —> FDME1 


DSO — FDS1, MEO —> FDME1 
DS1 — FDSO, ME1 — FDMEO 


AUTO PD Auto powerdown control. If this bit is DSO, DS1 Disk Drive Select. 
0, then the automatic powerdown is 
disabled. If it is set to 1, then the auto- 
matic powerdown is enabled. 


C Cylinder address. The currently se- 
lected cylinder address, 0 to 255. 

DO, D1 Drive Select 0-3. Designates which 
drives are Perpendicular drives, a “1” 
indicating Perpendicular drive. 

D Data pattern. The pattern to be written DTL Special sector size. By setting N to 
in each sector data field during for- zero (00), DTL may be used to control 
matting. the number of bytes transferred in 

DN Done. This bit indicates that this is the disk read/write commands. The sec- 
last byte of the drive specification tor size (N = 0) is set to 128. If the 
command. The 82078 checks to see if actual sector (on the diskette) is larger 
this bit is high or low. If it is low, it than DTL, the remainder of the actual 
expects more bytes. sector is read but is not passed to the 
DN = 0 82078 expects more subse- host during read commands; during 

quent bytes. write commands, the remainder of the 
DN = 1 Terminat th q actual sector is written with all zero 
i. winrar ter aided lara bytes. The CRC check code is calcu- 


phase and jumps to the re- lated with the actual sector. When N 


sults phase. An additional , 

‘a is not zero, DTL has no meaning and 
benefit is that by setting this 
bit high, a direct check of the SOE PS BOE Riser 
current drive specifications DRATE[0:1] Data rate values from the DSR regis- 


can be done. ter. 


DIR Direction control. If this bit is 0, then 
the head will step out from the spindle 
during a relative seek. If set to a 1, the 
head will step in toward the spindle. 
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DRTO, DRT1 Data rate table select. These two bits 
select between the different data rate 
tables. The default is the conventional 
table. These also provide mapping of 


the data rates selected in the DSR 
and CCR. The table below shows this. 


Bits in lee 


aro pari DRATE1 rareo 


fines ETE ps [taut 
Ee eee Oe ee PEGE ie 
po | 4 [800Kbps| 
Dela Scie ee BE 
pm | ot | 
gneiss 


[SVD 


Pee 
pene Tae 
Esp dah sole tae 
Eira ike See 


DTO, DT1 Drive density select type. These bits 
select the outputs on DRVDENO and 
DRVDEN1 based on mode of opera- 
tion that was selected via the IDENT1 
and IDENTO pins. More information is 
available in the Design Applications 
section. 


EC Enable Count. When this bit is ‘1”’ the 
“DTL” parameter of the Verify Com- 
mand becomes SC (Number of sec- 
tors per track). 


Enable FIFO. When this bit is 0, the 
FIFO is enabled. A ‘1” puts the 
82078 in the 8272A compatible mode 
where the FIFO is disabled. 


EIS Enable implied seek. When set, a 
- geek operation will be performed be- 
fore executing any read or write com- 
mand that requires the C parameter in 
the command phase. A ‘‘0” disables 
the implied seek. 


EOT End of track. The final sector number 
of the current track. 


EFIFO 


1 Mbps | Perpendic- 
ular mode 
FDDs 


EREG EN 


FDI TRI 


FDO, FD1- 


GAP 


GPL 


HDS 


HLT 


HUT 


ISO 


82078 44 PIN 


Enhanced Register Enable. 


EREG EN = 1 The TDR register is 
extended and SRB is 
made visible to the 
user. 


0 Standard registers are 
used. 


Floppy Drive Interface Tristate: If this 
bit is 0, then the output pins of the 
floppy disk drive interface are tri-stat- 
ed. This is also the default state. If it is 
set to 1, then the floppy disk drive in- 
terface remains unchanged. 


Floppy drive select. These two bits se- 
lect which physical drive is being 
specified. The FDn corresponds to 
FDSn and FDMEn on the floppy drive 
interface. The drive is selected inde- 
pendent of the BOOTSELn bits. 
Please refer to Section 2.1.1 which 
explains the distinction between phys- 
ical drives and their virtual mapping as 
defined by the BOOTSEL1 and 
BOOTSELO bits. 


FREG EN = 


Alters Gap2 length when using Per- 
pendicular Mode. 


Gap length. The Gap3 size. (Gap3 is 
the space between sectors excluding 
the VCO synchronization field). 


Head address. Selected head: 0 or 1 
(disk side 0 or 1) as encoded in the 
sector ID field. 


Head load time. The time interval that 
82078 waits after loading the head 
and before initiating a read or write 
operation. Refer to the SPECIFY com- 
mand for actual delays. 


Head unload time. The time interval 
from the end of the execution phase 
(of a read or write command) until the 
head is unloaded. Refer to the SPECI- 
FY command for actual delays. 


ISO Format: If this bit is set high the 
ISO format is used for all data transfer 
commands. When this bit is set low 
the normal IBM system 34 and per- 
pendicular is used. The default is ISO 
= 0. 
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Lock 


‘MFM 


MIN DLY 


MT 


NCN 
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Lock defines whether  EFIFO, 
FIFOTHR, and PRETRK parameters 
of the CONFIGURE command can be 
reset to their default values by a 
“Software Reset’ (Reset made by 
setting the proper bit in the DSR or 
DOR registers). 


MFM mode. A one selects the double 
density (MFM) mode. A zero is re- 
served. 


Minimum power up time control. This 
bit is active only if AUTO PD bit is en- 
abled. Setting this bit to a 0, assigns a 
10 ms minimum power up time and 
setting this bit to a 1, assigns a 0.5s 
minimum power up time. 


Multi-track selector. When set, this 
flag selects the multi-track operating 
mode. In this mode, the 82078 treats 
a complete cylinder, under head 0 and 
1, as a single track. The 82078 oper- 
ates as if this expanded track started 
at the first sector under head O and 
ended at the last sector under head 1. 
With this flag set, a multitrack read or 
write operation will automatically con- 
tinue to the first sector under head 1 
when the 82078 finishes operating on 
the last sector under head 0. 


Sector size code. This specifies the 
number of bytes in a sector. If this pa- 
rameter is “00”, then the sector size 
is 128 bytes. The number of bytes 
transferred is determined by the DTL 
parameter. Otherwise the sector size 
is (2 raised to the ‘‘N’th’” power) times 
128. All values up to “07” hex are al- 
lowable. ‘‘07’’*h would equal a sector 
size of 16K. It is the users responsibili- 
ty to not select combinations that are 
not possible with the drive. 


128 bytes 
01 | ' 256 bytes 


Toe | st2bytes 
ros [1024 
ers 


New cylinder number. The desired cyl- 
inder number. 


ND 


NRP 


OW 


PCN 


‘PC2, PCT, 


PCO 
PDOSC 


PTS 


POLL 


PRETRK 


R 


RCN 


SC 


a. «= 4 ke aah. 
‘ AG * - , * teat 
Piece o' i, 
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Non-DMA mode flag. When set to 1, 
indicates that the 82078 is to operate 
in the non-DMA mode. In this mode, 
the host is interrupted for each data 
transfer. When set to 0, the 82078 op- 
erates in DMA mode, interfacing to a 
DMA controller by means of the DRQ 
and DACK# signals. 


No Results phase. When this bit is set 
high the result phase is skipped. 
When this bit is low the result phase 
will be generated. 


The bits denoted DO, D1, D2, and D3 
of the PERPENDICULAR MODE com- 
mand can only be overwritten when 
the OW bit is set to “1”. 


Present cylinder number. The current 
position of the head at the completion 
of SENSE INTERRUPT STATUS 
command. 


Precompensation values from the 
DSR register. 


When this bit is set, the internal oscil- 
lator is turned off. 


Precompensation table select. This bit 
selects whether to enable the pre- 
compensation value programmed in 
the DSR or not. In the default state, 
the value programmed in DSR will be 
used. 


PTS = 0 DSR programmed precom- 
pensation delays 


PTS = 1 No precompensation delay 
is selected for the corre- 
sponding drive. 

Polling disable. When set, the internal 

polling routine is disabled. When 

clear, polling is enabled. 


Precompensation start track number. 
Programmable from track 00 to FFH. 


Sector address. The sector number to 
be read or written. In multi-sector 
transfers, this parameter specifies the 
sector number of the first sector to be 
read or written. 


Relative cylinder number. Relative cyl- 
inder offset from present cylinder as 
used by the RELATIVE SEEK com- 
mand. 


Number of sectors. The number of 
sectors to be initialized by the FOR- 
MAT command. The number of 
sectors to be verified during a Verify 
Command, when EC is set. 


Pare 
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SK Skip flag. When set to 1, sectors con- 


taining a deleted data address mark 
will automatically be skipped during 
the execution of READ DATA. If 
READ DELETED is executed, only 
sectors with a deleted address mark 
will be accessed. When set to ‘0’, the 
sector is read or written the same as 
the read and write commands. 


SRT Step rate interval. The time interval 
between step pulses issued by the 
82078. Programmable from 0.5 ms to 
8 ms, in increments of 0.5 ms at the 1 
Mbit data rate. Refer to the SPECIFY 
command for actual delays. 


Status registers 0-3. Registers within 
the 82078 that store status informa- 
tion after a command has been exe- 
cuted. This status information is avail- 
able to the host during the result 
phase after command execution. 


These bits identify the stepping of the 
82078. 


Write gate alters timing of WE, to al- 
low for pre-erase loads in perpendicu- 
lar drives. 


STO-3 


STEPPING 


WGATE 


6.1 Data Transfer Commands 


All of the READ DATA, WRITE DATA and VERIFY 
type commands use the same parameter bytes and 
return the same results information. The only differ- 
ence being the coding of bits 0-4 in the first byte. 


An implied seek will be executed if the feature was 
enabled by the CONFIGURE command. This seek is 
completely transparent to the user. The Drive Busy 
bit for the drive will go active in the Main Status Reg- 
ister during the seek portion of the command. If the 
seek portion fails, it will be reflected in the results 
status normally returned for a READ/WRITE DATA 
command. Status Register 0 (STO) would contain 
the error code and C would contain the cylinder on 
which the seek failed. 


6.1.1 READ DATA 


A set of nine (9) bytes is required to place the 82078 
into the Read Data Mode. After the READ DATA 
command has been issued, the 82078 loads the 
head (if it is in the unloaded state), waits the speci- 
fied head settling time (defined in the SPECIFY com- 
mand), and begins reading ID Address Marks and ID 
fields. When the sector address read off the diskette 
matches with the sector address specified in the 
command, the 82078 reads the sector’s data field 
and transfers the data to the FIFO. 
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After completion of the read operation from the cur- 
rent sector, the sector address is incremented by 
one, and the data from the next logical sector is read 
and output via the FIFO. This continuous read func- 
tion is called ‘‘Multi-Sector Read Operation’. Upon 
receipt of TC, or an implied TC (FIFO overrun/un- 
derrun), the 82078 stops sending data, but will con- 
tinue to read data from the current sector, check the 
CRC bytes, and at the end of the sector terminate 
the READ DATA Command. 


N determines the number of bytes per sector (see 
Table 6-2). If N is set to zero, the sector size is set to 
128. The DTL value determines the number of bytes 
to be transferred. If DTL is less than 128, the 82078 
transfers the specified number of bytes to the host. 
For reads, it continues to read the entire 128 byte 
sector and checks for CRC errors. For writes it com- 
pletes the 128 byte sector by filling in zeroes. If N is 
not set to 00 Hex, DTL should be set to FF Hex, and 
has no impact on the number of bytes transferred. 


Table 6-2. Sector Sizes 


_N | Sector Size_ 
00 | 128 bytes _ 


ry Oa 


The amount of data which can be handled with a 
single command to the 82078 depends upon MT 
(multi-track) and N (Number of bytes/sector). 


Table 6-3. Effects of MT and N Bits 


MT Max. Transfer Final Sector Read 
Capacity from Disk 
10 | 1] 256 x 26 = 6656 | 26atside 0 or 1 
1 256 X 52 = 13312 26 at side 1 


2] 512 15 = 7680 | 15atside dort 
[2 | 512 x 30 = 
Ey 


12 X 30 = 15360 15 at side 1 
1024 x 8 = 8192 8 at side 0 or 1 
| 1 |3| 1024 x 16 = 16384| 16 atside 1 


The Multi-Track function (MT) allows the 82078 to 
read data from both sides of the diskette. For a par- 
ticular cylinder, data will be transferred starting at 
Sector 1, Side 0 and completing at the last sector of 
the same track at Side 1. 


1 
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If the host terminates a read or write operation in the 
82078, then the ID information in the result phase is 
dependent upon the state of the MT bit and EOT 
byte. Refer to Table 6-6. The termination must be 
normal. 


At the completion of the READ DATA Command, 
the head is not unloaded until after the Head Unload 
Time Interval (specified in the SPECIFY command) 
has elapsed. If the host issues another command 
before the head unloads then the head settling time 
may be saved between subsequent reads. 


If the 82078 detects a pulse on the INDX# pin twice | 


without finding the specified sector (meaning that 
the diskette’s index hole passes through index de- 
tect logic in the drive twice), the 82078 sets the IC 
code in Status Register 0 to “01” (Abnormal termi- 
nation), and sets the ND bit in Status Register 1 to 
“1” indicating a sector not found, and terminates the 
READ DATA Command. 


After reading the ID and Data Fields in each sector, 
the 82078 checks the CRC bytes. If a CRC error 
occurs in the ID or data field, the 82078 sets the IC 
code in Status Register 0 to “01’’ (Abnormal termi- 
nation), sets the DE bit flag in Status Register 1 to 
“1” sets the DD bit in Status Register 2 to ‘‘1” if 
CRC is incorrect in the ID field, and terminates the 
READ DATA Command. 


Table 6-4 below describes the affect of the SK bit on 
the READ DATA command execution and results. 


Table 6-4. Skip Bit vs READ DATA Command 


sk | Data Address 
Bit | Mark Type | sector|CM Bit of| Description 
Value | Encountered | Read? | ST2 Set?| of Results 
Normal Data Normal 
Termination. 


ea bat ete 
Deleted Data Yes Yes Address Not 
Incremented. 
Next Sector 
Not Searched 
3s 
ae 


Normal Data Normal 
Termination. 


1 Deleted Data 
Termination 


Sector Not 
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(“Skipped’’). 
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Except where noted in Table 6-4, the C or R value of 
the sector address is automatically incremented 
(see Table 6-6). 


6.1.2 READ DELETED DATA 


This command is the same as the READ DATA com- 
mand, only it operates on sectors that contain a De- 
leted Data Address Mark at the beginning of a Data 
Field. 


Table 6-5 describes the affect of the SK bit on the 
READ DELETED DATA command execution and re- 
sults. 


Table 6-5. Skip Bit vs READ 
DELETED DATA Command 


SK | Data Address 
Bit Mark Type 
Value | Encountered 


Sector | CM Bit of| Description 
Read? | ST2 Set? of Results 


Address Not 
incremented. 
Next Sector 
Not Searched 


Normal Data 


Except where noted in Table 6-5 above, the C or R 
value of the sector address is automatically incre- 
mented (see Table 6-6). 


6.1.3 READ TRACK 


This command is similar to the READ DATA com- 
mand except that the entire data field is read contin- 
uously from each of the sectors of a track. Immedi- 
ately after encountering a pulse on the INDX# pin, 
the 82078 starts to read all data fields on the track 
as continuous blocks of data without regard to logi- 
cal sector numbers. If the 82078 finds an error in the 
ID or DATA CRC check bytes, it continues to read 
data from the track and sets the appropriate error 
bits at the end of the command. The 82078 com- 
pares the ID information read from each sector with 
the specified value in the command, and sets the 
ND flag of Status Register 1 to a “1” if there is no 
comparison. 


| 
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Multi-track or skip operations are not allowed with 
this command. The MT and SK bits (Bits D7 and D5 


of the first command byte respectively) should al- 
ways be set to “0”. 


This command terminates when the EOT specified 
number of sectors have been read. If the 82078 
does not find an ID Address Mark on the diskette 
after the second occurrence of a pulse on the 
INDX# pin, then it sets the IC code in Status Regis- 
ter 0 to “01” (Abnormal termination), sets the MA bit 
in Status Register 1 to “1”, and terminates the com- 
mand. 


Table 6-6. Result Phase Table 


Final Sector 
Transferred 


re[u[ aw 
7 [uae ran €0T| wo [ne [Re 
re 0 


Equal to EOT 
Less than EOT N 


NOTES: 

NC: No Change, the same value as the one at the begin- 
ning of command execution. 

LSB: Least Significant Bit, the LSB of H is complemented. 


6.1.4 WRITE DATA 


After the WRITE DATA command has been issued, 
the 82078 loads the head (if it is in the unloaded 
state), waits the specified head load time if unloaded 
(defined in the SPECIFY command), and begins 
reading ID Fields. When the sector address read 
from the diskette matches the sector address speci- 
fied in the command, the 82078 reads the data from 
the host via the FIFO, and writes it to the sector’s 
data field. 


After writing data into the current sector, the 82078 
computes the CRC value and writes it into the CRC 
field at the end of the sector transfer. The Sector 
Number stored in “R’’ is incremented by one, and 
the 82078 continues writing to the next data field. 
The 82078 continues this ‘‘Multi-Sector Write Opera- 
tion”. Upon receipt of a terminal count signal or if a 
FIFO over/under run occurs while a data field is be- 
ing written, then the remainder of the data field is 
filled with zeros. 
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The 82078 reads the ID field of each sector and 
checks the CRC bytes. If it detects a CRC error in 
one of the ID Fields, it sets the IC code in Status 
Register 0 to “01” (Abnormal termination), sets the 
DE bit of Status Register 1 to “1”, and terminates 
the WRITE DATA command. 


The WRITE DATA command operates in much the 
same manner as the READ DATA command. The 
following items are the same. Please refer to the 
READ DATA Command for details: 


e Transfer Capacity 

e EN (End of Cylinder) bit 

e ND (No Data) bit 

e Head Load, Unload Time Interval 


e |D information when the host terminates the com- 
mand. 


® Definition of DTL when N = 0 and when N does 
not = 0. 


6.1.5 WRITE DELETED DATA 


This command is almost the same as the WRITE 
DATA command except that a Deleted Data Ad- 
dress Mark is written at the beginning of the Data 
Field instead of the normal Data Address Mark. This 
command is typically used to mark a bad sector con- 
taining an error on the floppy disk. 


6.1.6 VERIFY 


The VERIFY command is used to verify the data 
stored on a disk. This command acts exactly like a 
READ DATA command except that no data is trans- 
ferred to the host. Data is read from the disk, CRC 
computed and checked against the previously 
stored value. 


Because no data is transferred to the host, TC 
(pin-25) cannot be used to terminate this command. 
By setting the EC bit to “1” an implicit TC will be 
issued to the 82078. This implicit TC will occur when 
the SC value has decrement to 0 (an SC value of 0 
will verify 256 sectors). This command can also be 
terminated by setting the EC bit to “0” and the EOT 
value equal to the final sector to be checked. If EC is 
set to “0” DTL/SC should be programmed to OFFH. 
Refer to Table 6-6 and Table 6-7 for information 
concerning the values of MT and EC versus SC and 
EOT value. 


Definitions: 


# Sectors Per Side = Number of formatted sectors 
per each side of the disk. 


#:- Sectors Remaining = Number of formatted sec- 
tors left which can be read, including side 1 of the 
disk if MT is set to “1”. 
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Table 6-7. Verify Command Result Phase Table 


P DUM Semis | 
MoUs 
eee 
fn Deca 
bes parte 


NOTE: 


SC/EOT Value _ Termination Result 


SC = DTL ! 
EOT < # Sectors Per Side | 


SC = DTL 
EOT > # Sectors Per Side 
SC < # Sectors Remaining 


AND 
EOT < # Sectors Per Side 


SC > # Sectors Remaining 


OR Result Phase Invalid 
EOT > # Sectors Per Side 
SC = DTL Successful Termination 
EOT < # Sectors Per Side Result Phase Valid 
SC = DTL 


EOT > # Sectors Per Side 


SC < # Sectors Remaining 
AND 
EOT < # Sectors Per Side 


SC > # Sectors Remaining 
OR 
EOT > # Sectors Per Side 


Successful Termination 
Result Phase Valid | 


Unsuccessful Termination 
Result Phase Invalid 


Successful Termination 
Result Phase Valid 


Unsuccessful Termination 


Unsuccessful Termination 
Result Phase Invalid 


Successful Termination 
Result Phase Valid 


Unsuccessful Termination 
Result Phase Invalid 


lf MT is set to “1” and the SC value is greater than the number of remaining formatted sectors on Side 0, verifying will 


continue on Side 1 of the disk. 


6.1.7 FORMAT TRACK 


The FORMAT command allows an entire track to be 
formatted. After a pulse from the INDX# pin is de- 
tected, the 82078 starts writing data on the disk in- 
cluding Gaps, Address Marks, ID Fields and Data 
Fields, per the IBM System 34 (MFM). The particular 
values that will be written to the gap and data field 
are controlled by the values programmed into N, SC, 
GPL, and D which are specified by the host during 
the command phase. The data field of the sector is 
filled with the data byte specified by D. The ID Field 
for each sector is supplied by the host; that is, four 
data bytes per sector are needed by the 82078 for 
C, H, R, and N (cylinder, head, sector number and 
sector size respectively). 


After formatting each sector, the host must send: 


new values for C, H, R and N to the 82078 for the 
next sector on the track. The R value (sector num- 
ber) is the only value that must be changed by the 
host after each sector is formatted. This allows the 
disk to be formatted with nonsequential sector ad- 
dresses (interleaving). This incrementing and for- 
matting continues for the whole track until the 82078 
encounters a pulse on the INDX# pin again and it 
terminates the command. 
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Table 6-8 contains typical values for gap fields which 
are dependent upon the size of the sector and the 
number of sectors on each track. Actual values can 
vary due to drive electronics. 


Table 6-8. Typical PC-AT Values for Formatting 


1.2M 512 OF |} 2A 

360K 512 09; 2A 
2.88M 512 |02| 24) 38 53 
1.44M ore * 102138}. 18 54 
720K Siz: |02; 09 | 16 54 


NOTE: 
All values except Sector Size are in Hex. 


Gap3 is programmable during reads, writes, and for- 
mats. 


GPL1 = suggested Gap3 values in read and write 
commands to avoid splice point between data field 
and ID field of contiguous sections. 


GPL2 = suggested Gap3 value in FORMAT TRACK 
command. 


intel. 


6.1.7.1 Format Fields 
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Table 6-9. System 34 Format Double Density 


SYNC | !DAM 


DATA 
oa ate & C | GAP2| SYNC] ay 
12x T1518 R| 22x | 12x DATA 
00 | Xi} eet c C| 4E oo | 3x | FB 
Al Ai | F8 


pris 6-10. ISO Format 


GAP1 | SYNC am | 


ve 
aRGuE 


meer 
= GAP2 sync | DATA | 
22x 12x DATA 
4E 00 3x | FB 
A1 | F8 


Table cote Perpendicular Format 


GAP | sync | 1AM | Gapi | SYNC ) oam | 


6.2 Scan Commands 


The SCAN Commands allow data which is being 
read from the diskette to be compared against data 
which is being supplied from the main system (Proc- 
essor in NON-DMA mode, and DMA Controller in 
DMA mode). The FDC compares the data on a byte- 
by-byte basis, and looks for a sector of data which 
meets the conditions of Depp = Dprocessor: DFpp < 
Dprocessor’ OF Depp = Dprocessor- Ones comple- 


See 
pp : GAP2 sync | DATA 
80x 12x - re) 41x 12x = DATA 
x 3x 


ment arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole 
sector of data is compared, if the conditions are not 
met, the sector number is incremented (R + 
STP — R), and the scan operation is continued. 
The scan operation continues until one of the follow- 
ing conditions occur, the conditions for scan are met 
(equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is re- 


Table 6-12. Scan Status Codes 


Scan Equal 


Scan Low or Equal 


Scan High or Equal — 


Status Register 2 


ceived. 


Depp = Dprocessor 
DFpp = DProcessor 


Depp = Dprocessor 
Depp < DProcessor 
Depp > DProcessor 


Depp = Dprocessor 
DFpp - DProcessor 
DFpp £ DProceeeor 
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lf the conditions for scan are met then the FDC sets 
the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command, If the 
conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the 
cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or 
DMA Controller during the scan operation will cause 
the FDC to complete the comparison of the particu- 
lar byte which is in process, and then to terminate 
the command. Table 6-12 shows the status of bits 
SH and SN under various conditions of SCAN. 


lf the FDC encounters a Deleted Data Address Mark 
on one of the sectors (and SK = QO), then it regards 
the sector as the last sector on the cylinder, sets CM 
(Control Mark) flag of Status Register 2 to a 1 (high) 
and terminates the command. If SK = 1, the FDC 
skips the sector with the Deleted Address Mark, and 
reads the next sector. In the second case (SK = 1), 
the FDC sets the CM (Control Mark) flag of Status 
Register 2 to a 1 (high) in order to show that a Delet- 
ed Sector had been encountered. 


When either the STP (contiguous sectors STP = 01, 
or alternate sectors STP = 02 sectors are read) or 
the MT (Multi-Track) are programmed, it is neces- 
sary to remember that the last sector on the track 
must be read. For example, if STP = 02, MT = 0, 
the sectors are numbered sequentially 1 through 26, 
and we start the Scan Command at sector 21; the 
following will happen. Sectors 21, 23, and 25 will be 
read, then the next sector (26) will be skipped and 
the index Hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnor- 
mal termination of the command. If the EOT had 
been set at 25 or the scanning started at sector 20, 
then the Scan Command would be completed in a 
normal manner. 


During the Scan Command data is supplied by either 
the processor or DMA Controller for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available 
in less than 13 ys. If an Overrun occurs the FDC 
terminates the command. 


6.3 Control Commands 


Control commands differ from the other commands 
in that no data transfer takes place. Three com- 
mands generate an interrupt when complete; READ 
ID, RECALIBRATE and SEEK. The other control 
commands do not generate an interrupt. 


2-116 


intel. 


6.3.1 READ ID 


The READ ID command is used to find the present 


position of the recording heads. The 82078 stores 
the values from the first ID Field it is able to read into 
its registers. If the 82078 does not find an ID Ad- 
dress Mark on the diskette after the second occur- 
rence of a pulse on the INDX# pin, it then sets the 
IC code in Status Register 0 to “01” (Abnormal ter- 
mination), sets the MA bit in Status Register 1 to 
“1”, and terminates the command. 


The following commands will generate an interrupt 
upon completion. They do not return any result 
bytes. It is highly recommended that control com- 
mands be followed by the SENSE INTERRUPT 
STATUS command. Otherwise, valuable interrupt 
status information will be lost. 


6.3.2 RECALIBRATE 


This command causes the read/write head within . 
the 82078 to retract to the track 0 position. The 
82078 clears the contents of the PCN counter, and 
checks the status of the TRKO pin from the FDD. As 
long as the TRKO pin is low, the DIR pin remains 0 
and step pulses are issued. When the TRKO pin 
goes high, the SE bit in Status Register 0 is set to 
“1”, and the command is terminated. If the TRKO pin 
is still low after 79 step pulses the command is ter- 
minated. Disks capable of handling more than 80 
tracks per side may require more than one RECALI- 
BRATE command to return the head back to physi- 
cal Track 0. 


The RECALIBRATE command does not have a re- 
sult phase. SENSE INTERRUPT STATUS command 
must be issued after the RECALIBRATE command 
to effectively terminate it and to provide verification 
of the head position (PCN). During the command 
phase of the recalibrate operation, the 82078 is in 
the BUSY state, but during the execution phase it is 
in a NON BUSY state. At this time another RECALI- 
BRATE command may be issued, and in this man- 
ner, parallel RECALIBRATE operations may be 
done on up to 2 drives at once. 


Upon power up, the software must issue a RECALI- 
BRATE command to properly initialize all drives and 
the controller. 


6.3.3 DRIVE SPECIFICATION COMMAND 


The 82078 uses two pins, DRVDENO and DRVDEN1 
to select the density for modern drives. These sig- 
nals inform the drive of the type of diskette in the 
drive. The Drive Specification command specifies 
the polarity of the DRVDENO and DRVDEN1 pins. It 
also enables or disables DSR programmed precom- 
pensation. 


a 
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This command removes the need for a hardware 
workaround to accommodate differing specifications 
among drives. By programming this command during 
BIOS’s POST routine, the floppy disk controller will 
internally configure the correct values for DRVDENO 
and DRVDEN1 with corresponding precompensa- 


tion value and data rate table enabled for the partic- 
ular type of drive. 


This command is protected from software resets. Af- 
ter executing the DRIVE SPEC command, subse- 
quent software resets will not clear the programmed 
parameters. Only another DRIVE SPEC command or 
H/W reset can reset it to default values. The 6 LSBs 
of the last byte of this command are reserved for 
future use. 


The DRATEO and DRATE1 are values as pro- 
grammed in the DSR register. The DENSEL is high 
for high data rates (1 Mbps and 500 Kbps) and low 
for low data rates (300 Kbps and 250 Kbps). 


The following table describes the drives that are 
supported with the DTO, DT1 bits of the Drive Speci- 
fication command: 
DRVDENn Polarities 
pto|pt1| 284 | prvpENo 
Rate 


ae 


rs0oKops| 1 | o 
[soo keps| 0 | 1 
[2s0Kops| 0 | 0 


eee 


300 }300Kbps} 0 | 


/250Kbps| ot | 


; 
Be ia 
oil ged 
be i 

rites ee) ees Me 
tO 
soilied AD: 
er 


NOTE: 


(*) Denotes the default setting. 
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6.3.4 SEEK 


The read/write head within the drive is moved from 
track to track under the control of the SEEK com- 
mand. The 82078 compares the PCN which is the 
current head position with the NCN and performs 
the following operation if there is a difference: 

PCN < NCN: Direction signal to drive set to “1” 
(step in), and issues step pulses. 


PCN > NCN: Direction signal to drive set to “0” 
(step out), and issues step pulses. 


The rate at which step pulses are issued is con- 
trolled by SRT (Stepping Rate Time) in the SPECIFY 
command. After each step pulse is issued, NCN is 
compared against PCN, and when NCN = PCN, 
then the SE bit in Status Register 0 is set to “1”, and 
the command is terminated. 


During the command phase of the seek or recali- 
brate operation, the 82078 is in the BUSY state, but 
during the execution phase it is in the NON BUSY 
state. 


Note that if implied seek is not enabled, the read and 
write commands should be preceded by: 


1. SEEK command; Step to the proper track 

2. SENSE INTERRUPT STATUS command; Termi- 
nate the Seek command 

3. READ ID. Verify head is on proper track 

4. Issue READ/WRITE command. 


The SEEK command does not have a result phase. 
Therefore, it is highly recommended that the SENSE 
INTERRUPT STATUS command be issued after the 
SEEK command to terminate it and to provide verifi- 
cation of the head position (PCN). The H bit (Head 
Address) in STO will always return a.“‘0’”. When exit- 
ing DSR POWERDOWN mode, the 82078 clears the 
PCN value and the status information to zero. Prior 
to issuing the DSR POWERDOWN command, it is 
highly recommended that the user service all pend- 
ing interrupts through the SENSE INTERRUPT 
STATUS command. 


6.3.5 SENSE INTERRUPT STATUS 
An interrupt signal on INT pin is generated by the 
82078 for one of the following reasons: 
1. Upon entering the Result Phase of: 
a. READ DATA Command 
. READ TRACK Command 
READ ID Command 
. READ DELETED DATA Command 
. WRITE DATA Command 


on eo. 
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f. FORMAT TRACK Command 
g. WRITE DELETED DATA Command 
h. VERIFY Command 


2. End of SEEK, RELATIVE SEEK or RECALI- 
BRATE Command 


3. 82078 requires a data transfer during the execu- 
tion phase in the non-DMA Mode 


The SENSE INTERRUPT STATUS command resets 
the interrupt signal and via the IC code and SE bit of 
Status Register 0, identifies the cause of the inter- 
rupt. If a SENSE INTERRUPT STATUS command is 
issued when no active interrupt condition is present, 
the status register STO will return a value of 80H 
(invalid command). 


Table 6-13. Interrupt Indentification 


| SE | Ic | Interrupt Due To 
CH Kc eae 
1 Normal Termination of SEEK or 

RECALIBRATE command 

7 01 | Abnormal Termination of SEEK or 
RECALIBRATE command 

The SEEK, RELATIVE SEEK and the RECALI- 

BRATE commands have no result phase. SENSE 

INTERRUPT STATUS command must be issued im- 

mediately after these commands to terminate them 

and to provide verification of the head position 

(PCN). The H (Head Address) bit in STO will always 

return a “O”. If a SENSE INTERRUPT STATUS is 


not issued, the drive, will continue to be BUSY and 
may effect the operation of the next command. 


6.3.6 SENSE DRIVE STATUS 


SENSE DRIVE STATUS obtains drive status infor- 
mation. It has no execution phase and goes directly 
to the result phase from the command phase. 
STATUS REGISTER 3 contains the drive status in- 
formation. 


6.3.7 SPECIFY 


The SPECIFY command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload Time) defines the time from the end of the 
execution phase of one of the read/write commands 
to the head unload state. The SRT (Step Rate Time) 
defines the time interval between adjacent step 
pulses. Note that the spacing between the first and 
second step pulses may be shorter than the remain- 
ing step pulses. The HLT (Head Load Time) defines 
the time between the command phase to the execu- 
tion phase of a read/write data command. The Head 
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ates: 


Unload Time (HUT) timer starts at the end of the 
execution phase to the beginning of the result phase 
of a read/write command. The values change with 
the data rate speed selection and are documented 
in Table 6-14. 


Table 6-14. Drive Control Delays (ms) 


1M 500K 300K 250K/1M 500K 300K 250K 


128 256 426 512 
18) 28.7" +32 


160 °.267  .320 


500K 


300K 250K 


The choice of DMA or NON-DMA operations is 
made by the ND bit. When this bit is “1”, the NON- 
DMA mode is selected, and when ND is “0”, the 
DMA mode is selected. In DMA mode, data transfers 
are signalled by the DRQ pin. Non-DMA mode uses 
the RQM bit and the INT pin to signal data transfers. 


6.3.8 CONFIGURE 


Issue the configure command to enable features like 
the programmable FIFO and set the beginning track 
for pre-compensation. A CONFIGURE command 
need not be issued if the default values of the 82078 
meet the system requirements. 


CONFIGURE DEFAULT VALUES: 


EIS No Implied Seeks 
EFIFO FIFO Disabled 
POLL Polling Enabled 


FIFOTHR FIFO Threshold Set to 1 Byte 
PRETRK Pre-Compensation Set to Track 0 


ElS—Enable Implied Seek. When set to ‘1”, the 
82078 will perform a SEEK operation before execut- 
ing a read or write command. Defaults to no implied 
seek. 
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EFIFO—A “1” puts the FIFO into the 8272A com- 
patible mode where the FIFO is disabled. This 
means data transfers are asked for on a byte by byte 


basis. Defaults to ‘‘1’’, FIFO disabled. The threshold 
defaults to one. 


POLL—Disable polling of the drives. Defaults to ‘‘0”, 
polling enabled. When enabled, a single interrupt is 
generated after a RESET. No polling is performed 
while the drive head is loaded and the head unload 
delay has not expired. 


FIFOTHR—The FIFO threshold in the execution 
phase of read or write commands. This is program- 
mable from 1 to 16 bytes. Defaults to one byte. A 
“00” selects one byte, “OF’’ selects 16 bytes. 


PRETRK—Pre-compensation start track number. 
Programmable from track 0 to 255. Defaults to track 
0. A “00” selects track 0, “FF’’ selects 255. 


6.3.9 VERSION 


The VERSION command checks to see if the con- 
troller is an enhanced type (82077, 82077AA, 
82077SL) or the older type (8272A/765A). A value 
of 90H is returned as the result byte, defining an 
enhanced FDD controller is in use. No interrupts are 
generated. Refer to the Part ID command for more 
identification information on the 82078. 


6.3.10 RELATIVE SEEK 


The command is coded the same as for SEEK, ex- 
cept for the MSB of the first byte and the DIR bit. 


DIR Head Step Direction Control 


|DIR | Action 
| 0 | Step Head Out_ 
Step Head In 


RCN Relative Cylinder Number that determines 
how many tracks to step the head in or out 
from the current track number. 


The RELATIVE SEEK command differs from the 
SEEK command in that it steps the head the abso- 


lute number of tracks specified in the command in- — 


stead of making a comparison against an internal 
register. The SEEK command is good for drives that 
support a maximum of 256 tracks. RELATIVE 
SEEKs cannot be overlapped with other RELATIVE 
SEEKs. Only one RELATIVE SEEK can be active at 
a time. Bit 4 of Status Register 0 (EC) will be set if 
RELATIVE SEEK attempts to step outward beyond 
Track 0. 
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As an example, assume that a floppy drive has 300 
useable tracks and that the host needs to read track 
300 and the head is on any track (O—255). If a 
SEEK command was issued, the head would stop at 
track 255. If a RELATIVE SEEK command was is- 
sued, the 82078 would move the head the specified 
number of tracks, regardless of the internal cylinder 
position register (but would increment the register). If 
the head had been on track 40 (D), the maximum 
track that the 82078 could position the head on us- 
ing RELATIVE SEEK, would be 296 (D), the initial 
track, +256 (D). The maximum count that the head 
can be moved with a single RELATIVE SEEK com- 
mand is 256 (D). 


The internal register, PCN, would overflow as the 
cylinder number crossed track 255 and would con- . 
tain 40 (D). The resulting PCN value is thus (NCN + 
PCN) mod 256. Functionally, the 82078 starts count- 
ing from 0 again as the track number goes above 
255(D). It is the users responsibility to compensate 
82078 functions (precompensation track number) 
when accessing tracks greater than 255. The 82078 
does not keep track that it is working in an “extend- 
ed track area” (greater than 255). Any command is- 
sued would use the current PCN value except for the 
RECALIBRATE command which only looks for the 
TRACKO signal. RECALIBRATE would return an er- 
ror if the head was farther than 79 due to its limita- 
tion of issuing a maximum 80 step pulses. The user 
simply needs to issue a second RECALIBRATE 
command. The SEEK command and implied seeks 
will function correctly within the 44 (D) track (299- 
255) area of the ‘“‘extended track area’. It is the us- 
ers responsibility not to issue a new track position 
that would exceed the maximum track that is pres- 
ent in the extended area. 


To return to the standard floppy range (0-255) of 
tracks, a RELATIVE SEEK would be issued to cross 
the track 255 boundary. 


A RELATIVE SEEK can be used instead of the nor- 
mal SEEK but the host is required to calculate the 
difference between the current head location and 
the new (target) head location. This may require the 
host to issue a READ ID command to ensure that 
the head is physically on the track that software as- 
sumes it to be. Different 82078 commands will return 
different cylinder results which may be difficult to 
keep track of with software without the READ ID 
command. 
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6.3.11 DUMPREG 


The DUMPREG command is designed to support 
system run-time diagnostics and application soft- 
ware development and debug. The command re- 
turns pertinent information regarding the internal 
status of the 82078. This can be used to verify the 
values initialized in the 82078. 


6.3.12 PERPENDICULAR MODE COMMAND 


Note, perpendicular mode functionality is not avail- 
able on the 82078-5. 


6.3.12.1 About Perpendicular Recording Mode 


An added capability of the 82078 is the ability to 
interface directly to perpendicular recording floppy 
drives. Perpendicular recording differs from the tradi- 
tional longitudinal method by orienting the magnetic 
bits vertically. This scheme packs in more data bits 
for the same area. 


6.3.12.2 The Perpendicular Mode Command 


The PERPENDICULAR MODE command allows the 
system designers to designate specific drives as 
Perpendicular recording drives. Data transfers be- 
tween Conventional and Perpendicular drives are al- 
lowed without having to issue PERPENDICULAR 
MODE commands between the accesses of the two 
different drives, nor having to change write pre-com- 
pensation values. 


With this command, the length of the Gap2 field and 
VCO enable timing can be altered to accommodate 
the unique requirements of these drives. Table 6-16 
describes the effects of the WGATE and GAP bits 
for the PERPENDICULAR MODE command. 


intel. 


When both GAP and WGATE equal “0” the PER- 
PENDICULAR MODE command will have the follow- 
ing effect on the 82078-1) if any of the new bits DO, 
D1, D2, and D3 are programmed to “1” the corre- 
sponding drive will automatically be programmed for 
Perpendicular mode (ie: GAP2 being written during a 
write operation, the programmed Data Rate will de- 
termine the length of GAP2.), and data will be written 
with 0 ns write pre-compensation. 2) Any of the new 
bits (D0-D1) that are programmed for “0”, the des- 
ignated drive, will be programmed for Conventional 
Mode and data will be written with the currently pro- 
grammed write pre-compensation value. 3) Bits DO 
and D1 can only be over written when the OW bit is 
written as a “1”. The status of these bits can be 
determined by interpreting the eighth result byte of 


the DUMPREG command. 


NOTE: 
If either the GAP or WGATE bit is a ‘1’, then bits 
DO-D1 are ignored. 


“Software” and “Hardware” RESET will have the 
following effects on the enhanced PERPENDICU- 
LAR MODE command: 

1. “Software” RESETs (Reset via DOR or DSR reg- 
isters) will only clear GAP and WGATE bits to 
“0”, D1 and DO will retain their previously pro- 
grammed values. 


2. “Hardware” RESETs (Reset via pin-32) will clear 
all bits (GAP, WGATE, DO and D1) to “0” (All 
Drives Conventional Mode). 


Table 6-16. Effects of WGATE and GAP Bits 


VCO Low 
Time after 


index Pulse 


Conventional Mode 
Perpendicular Mode 
(500 Kbps Data Rate) 
Reserved 
(Conventional) 
Perpendicular Mode 
(1 Mbps Data Rate) 


33 Bytes 
33 Bytes 


33 Bytes 


18 Bytes 


NOTE: 


Gap2 Format | Written by Write 


Length of | Portion of Gap2 | Gap2 VCO Low 
Time for 


Data Operation | Read Operations 


24 Bytes 
24 Bytes 


Field 


24 Bytes 


43 Bytes 


When either GAP or WGATE bit is set, the current value of precompensation in the DSR is used. 
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6.3.13 POWERDOWN MODE COMMAND 


The POWERDOWN MODE command allows the au- 
tomatic power management and enables the en- 
hanced registers (EREG EN) of the 82078. The use 
of the command can extend the battery life in porta- 
ble PC applications. To enable auto powerdown the 
command may be issued during the BIOS power on 
self test (POST). 


This command includes the ability to configure the 
82078 into the enhanced mode extending the SRB 
and TDR registers. These extended registers ac- 
commodate bits that give more information about 
floppy drive interface, allow for boot drive selection, 
and identify the values of the PD and IDLE status. 


As soon as the command is enabled, a 10 ms ora 
0.5s minimum power up timer is initiated depending 
on whether the MIN DLY bit is set to 0 or 1. This 
timer is one of the required conditions that has to be 
satisfied before the part will enter auto powerdown. 
Any software reset will reinitialize the timer. The tim- 
er countdown is also extended by up to 10 ms if the 
data rate is changed during the timer’s countdown. 
Without this timer 82078 would have been put to 
sleep immediately after 82078 is idle. The minimum 
delay gives software a chance to interact with 82078 
without incurring an additional overhead due to re- 
covery time. 


The command also allows the output pins of floppy 
disk drive interface to be tri-stated or left unaltered 
during auto powerdown. This is done by the FDI TRI 
bit. In the default condition (FDI TRI = 0) the output 
pins of the floppy disk drive are tri-stated. Setting 
this bit leaves the interface unchanged from the nor- 
mal state. 


The results phase returns the values programmed 
for MIN DLY, FDI TRI and AUTO PD. The auto pow- 
erdown mode is disabled by a hardware reset. Soft- 
ware results have no effect on the POWERDOWN 
MODE command parameters. 


6.3.14 PART ID COMMAND 


This command can be used to identify the floppy 
disk controller as an enhanced controller. The first 
stepping of the 82078 (all 44 pin versions) will yield 
0x41 in the result phase of this command. Any future 
enhancements on these parts will be denoted by the 
5 LSBs (0x01 to Ox1F). 
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6.3.15 OPTION COMMAND 


The standard IBM format includes an index address 
field consisting of 80 bytes of GAP4a, 12 bytes of 
the sync field, four bytes identifying the IAM and 
50 bytes of GAP1. Under the ISO format, most of 
this preamble is not used. The ISO format allows 
only 32 bytes of GAP1 after the index mark. The ISO 
bit in this command allows the 82078 to configure 
the data transfer commands to recognize this for- 
mat. The MSBs in this command are reserved for 
any other enhancements made available to the user 
in the future. 


6.3.16 SAVE COMMAND 


The first byte corresponds to the values pro- 
grammed in the DSR with the exception of CLK48. 
The DRATE1, DRATEO used here are unmapped. 
The second byte is used for configuring the bits from 
the OPTION command. All future enhancements to 
the OPTION command will be reflected in this byte 
as well. The next nine result bytes are explained in 
the Parameter Abbreviations section after the com- 
mand summary. The 13th byte is the value associat- 
ed with the auto powerdown command. The disk 
status is used internally by 82078. There are two 
reserved bytes at the end of this command for future 
use. 


This command is similar to the Dumpreg command 
but it additionally allows the user to read back the 
precompensation values as well as the programmed 
data rate. It also allows the user to read the values 
programmed in the auto power down command. The 
precompensation values will be returned as pro- 
grammed in the DSR register. This command is used 
in conjunction with the Restore command should 
prove very useful for SMM power management. This 
command reserves the last two bytes for future en- 
hancements. 


6.3.17 RESTORE COMMAND 


Using Restore with the Save command, allows the 
SMM power management to restore the 82078 to its 
original state after a system powerdown. It also 
serves as a succinct way to provide most of the ini- 
tialization requirements normally handled by the sys- 
tem. The sequence of initializing the 82078 after a 
reset occurred and assuming a Save command was 
issued follows: 


e Issue the Drive Spec command (if the design uti- 
lizes this command) 


e Issue the Restore command (pass the 16 bytes 
retrieved previously during SAVE) 
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The Restore command will program the data rate 
and precompensation value via the DSR. It then re- 
stores the values normally programmed through the 
Configure, Specify, and Perpendicular commands. It 
also enables the previously selected values for the 
AUTO Powerdown command. The PCN values are 
set restored to their previous values and the user is 
responsible for issuing the seek and recalibrate 
commands to restore the head to the proper loca- 
tion. There are some drives that do not recalibrate in 
which case the Restore command will restore the 
previous state completely. The PDOSC bit is retriev- 
able using the Save command, however, the system 
designer must set it correctly. The software must al- 
low at least 20us to execute the Restore command. 
When using the BOOTSEL bits in the TDR, the user 
must restore or reinitialize these bits to their proper 
values. 


6.3.18 FORMAT AND WRITE COMMAND 


The format and write command is capable of simul- 
taneously formatting and writing data to the diskette. 
It is essentially the same as the normal format com- 
mand. With the exception that included in the execu- 
tion for each sector is not only the C, H, R, and N but 
also the data transfer of N bytes. The D value is 
ignored. This command formats the entire track. 
High speed floppy diskette duplication can be done 
fast and efficiently with this command. The user can 
format the diskette and put data on it in a single 
pass. This is very useful for software duplication ap- 
plications by reducing the time required to format 
and copy diskettes. 
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The LOCK command is included to protect a system 
with long DMA latencies against older application 
software packages that can disable the 82078’s 
FIFO. [Note: This command should only be used by 
the system’s FDC routines, and ISVs (Independent 
Software Vendors) should refrain from using it. If an 
ISV’s application calls for having the 82078 FIFO 
disabled, a CONFIGURE command should be used 


6.3.19 LOCK 


‘to toggle the EFIFO (Enable FIFO) bit. ISV can de- 


termine the value of the LOCK bit by interpreting the 
eighth result byte of an DUMPREG command.] 


The LOCK command defines whether EFIFO, 
FIFOTHR, and PRETRK parameters of the CON- 
FIGURE command can be RESET by the DOR and 
DSR registers. When the LOCK bit is set to a “1” all 
subsequent “software” RESETs by the DOR and 
DSR registers will not change the previously set pa- 
rameter values in the CONFIGURE command. When 
the LOCK bit is set to a “0”, ‘software’ RESETs the 
DOR or DSR registers will return these parameters 
to their default values. All “hardware” Resets will set 
the LOCK bit to a “0” value, and will return EFIFO, 
FIFOTHR, and PRETRK to their default values. A 
Status byte is returned immediately after issuing the 
command byte. This Status byte reflects the value of 
the Lock bit set by the command byte. 


NOTE: 
No interrupts are generated at the end of this com- 
mand. 
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7.0 STATUS REGISTER ENCODING 


The contents of these registers are available only through a command sequence. 


7,6 IC Interrupt 00— Normal termination of command. The specified command was 
Code properly executed and completed without error. 
01— Abnormal termination of command. Command execution was 
started, but was not successfully completed. 
10— Invalid command. The requested command could not be 
executed. 
11— Abnormal termination caused by Polling. 
EC Equipment The TRKO pin failed to become a ‘‘1” after: 
Check 1. 80 step pulses in the RECALIBRATE command. 
outward beyond Track 0. 
3 | — | = | Unused. This bit is always “0”. 
DS1, 0 The current selected drive. _ 
7.2 Status Register 1 
7 End of Cylinder | The 82078 tried to access a sector beyond the final sector of the 
track (255D). Will be set if TC is not issued after Read or Write. 
Oe a beanies bao ees Unused. This bit is always “0”. 
Overrun/ Becomes set if the 82078 does not receive CPU or DMA service 
Underrun within the required time interval, resulting in data overrun or 
underrun. 
3 | — | = __| Unused. This bitis always “0”. 
1. READ DATA, READ DELETED DATA command, the 82078 did 
not find the specified sector. 
an error. 
3. READ TRACK command, the 82078 cannot find the proper 
1 NW Not Writable WP pin became a ‘‘1” while the 82078 is executing a WRITE 
DATA, WRITE DELETED DATA, or FORMAT TRACK command. 
MA Missing Any one of the following: 
Address Mark 
track after encountering the index pulse from the INDX # pin 
twice. 


7.1 Status Register 0 
SE The 82078 completed a SEEK or RECALIBRATE command, or a 
READ or WRITE with implied seek command. 
2. The RELATIVE SEEK command causes the 82078 to step 
ee ie see Head Address | The current head address. 
|Bit# | Symbol | Name Description 
Data Error The 82078 detected a CRC error in either the ID field or the data 
field of a sector. 
No Data Any one of the following: 
2. READ ID command, the 82078 cannot read the ID field without 
sector sequence. 
1. The 82078 did not detect an ID address mark at the specified 
2. The 82078 cannot detect a data address mark or a deleted data 


address mark on the specified track. 
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7.3 Status Register 2 


Description 


Unused. This bit is always ‘‘O”’. 


Any of the following: 

1. READ DATA command, the 82078 encounters a 
deleted data address mark. 

2. READ DELETED DATA command, the 82078 

encountered a data address mark. 


BD | Data Eorin Data Fisld | The 62078 detected aCRC erorinthe datofeld. 

! 
the track address maintained inside the 82078. 

ee a 

ae 


The track address from the sector ID field is different from 
the track address maintained inside the 82078 and is equal 
to FF hex which indicates a bad track with a hard error 
according to the IBM soft-sectored format. 


Missing Data The 82078 cannot detect a data address mark or a deleted 
Address Mark data address mark. 


Write Protected 
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8.0 COMPATIBILITY 


The 82078 was designed with software compatibility 
in mind. It is a fully backwards compatible solution 
with the older generation 8272A and NEC765A/B 
disk controllers. It is fully compatible with Intel’s 
386/486SL Microprocessor Superset. 


8.1 Compatibility with the FIFO 


The FIFO of the 82078 is designed to be transparent 
to non-FIFO disk controller software developed on 
the older generation 8272A standard. Operation of 
the 82078 FIFO can be broken down into two tiers of 
compatibility. For first tier compatibility, the FIFO is 
left in the default disabled condition upon a “‘Hard- 
ware”’ reset. In this mode the FIFO operates in a 
byte mode and provides complete compability with 
non-FIFO based software. For second tier compati- 
bility, the FIFO is enabled via the CONFIGURE com- 


mand. When the FIFO is enabled, it will temporarily | 
enter a byte mode during the command and result 


phase of disk controller operation. This allows for 
compatible operation when interrogating the Main 
Status Register (MSR) for the purpose of transfer- 
ring a byte at a time to or from the disk controller. 
For normal disk controller applications, the system 
designer can still take advantage of the FIFO for 
time critical data transfers during the execution 
phase and not create any conflicts with non-FIFO 
_ software during the command or result phase. 


In some instances, use of the FIFO in any form has 
conflicted with certain specialized software. An ex- 
ample of a compatibility conflict using the FIFO is 
with software that monitors the progress of a data 
transfer during the execution phase. If the software 
assumed the disk controller was operating in a sin- 
gle byte mode and counted the number of bytes 
transferred to or from the disk controller to trigger 
some time dependent event on the disk media (i.e. 
head position over a specific data field), the same 
software will not have an identical time relationship if 
the FIFO is enabled. This is because the FIFO al- 
lows data to be queued up, and then burst trans- 
ferred across the host bus. To accommodate soft- 
ware of this type, it is recommended that the FIFO 
be disabled. 
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8.2 Drive Polling 


The 82078 supports the polling mode of the older 
generation 8272A. This mode is enabled upon a re- 
set and can be disabled via the CONFIGURE com- 
mand. This mode is supported for the sole purpose 
of providing backward compatibility with software 
that expects it’s presence. 


The intended purpose of drive polling dates back to 
8” drives as a means to monitor any change in 
status for each disk drive present in the system. 
Each of the drives is selected for a period of time 
and its READY signal sampled. After a delay, the 
next drive is selected. Since the 82078 does not 
support READY in this capacity (internally tied true), 
the polling sequence is only simulated and does not 
affect the drive select lines (DSO-—DS3) when it is 
active. If enabled, it occurs whenever the 82078 is 
waiting for a command or during SEEKs and ! 
RECALIBRATEs (but not IMPLIED SEEKs). Each 
drive is assumed to be not ready after a reset and a 
“ready” value for each drive is saved in an internal 
register as the simulated drive is polled. An interrupt 
will be generated on the first polling loop because of 
the initial ‘not ready” status. This interrupt must be 
followed with a SENSE INTERRUPT STATUS com- 
mand from the host to clear the interrupt condition 
for each of the four logical drives. 


9.0 PROGRAMMING GUIDELINES 


Programming the 82078 is identical to any other 
8272A compatible disk controller with the exception 
of some additional commands. For the new designer 
it is useful to provide some guidelines on how to 
program the 82078. A typical disk operation involves 
more than issuing a command and waiting for the 
results. The control of the floppy disk drive is a low 
level operation that requires software intervention at 
different stages. New commands and features have 
been added to the 82078 to reduce the complexity 
of this software interface. 
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9.1 Command and Result Phase 
Handshaking 


Before a command or parameter byte can be issued 
to the 82078, the Main Status Register (MSR) must 
be interrogated for a ready status and proper FIFO 
direction. A typical floppy controller device driver 
should contain a subroutine for sending command or 
parameter bytes. For this discussion, the routine will 
be called ‘“Send__byte” with the flowchart shown in 
Figure 9-1. 


INITIALIZE TIMEOUT 
COUNTER 


READ MSR 


MSR = 10XXXXXXb ? 


WRITE BYTE TO FIFO 


RETURN 


INCREMENT COUNTER 
COUNTER EXPIRED? 


TIMEOUT ERROR 
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Figure 9-1. Send__Byte Routine 


The routine loops until RQM is 1 and DIO is 0 indi- 
cating a ready status and FIFO direction is inward. If 
this condition is true, the 82078 is ready to accept a 
command or parameter byte. A timeout counter is 
used to insure software response within a reason- 
able amount of time in case of no response by the 
82078. As a note, the programmer must be careful 
how the maximum delay is chosen to avoid unnec- 
essary timeouts. For example, if a new command is 
issued when the 82078 is in the middle of a polling 
routine, the MSR will not indicate a ready status for 
the next parameter byte until the polling sequence 
completes the loop. This could cause a delay be- 
tween the first and second bytes of up to 250 pus 
(@ 250 Kbps). If polling is disabled, this maximum 
delay is 175 ws. There should also be enough time- 
out margin to accommodate a shift of the software 
to a higher speed system. A timeout value that re- 
sults in satisfactory operation on a 16 MHz CPU 
might fail when the software is moved to a system 
with a 25 MHz CPU. A recommended solution is to 
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derive the timeout counter from a system hardware 
counter that is fixed in frequency from CPU clock to 
CPU clock. 


INITIALIZE TIMEOUT 
COUNTER 


READ MSR 
- INCREMENT COUNTER 
COUNTER EXPIRED? 


READ BYTE FROM FIFO 
RETURN 


| yes 
TIMEOUT ERROR 
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Figure 9-2. Get_Byte Routine 


For reading result bytes from the 82078, a similar 
routine is used. Figure 9-2 illustrates the flowchart 
for the routine ‘““Get__byte’”. The MSR is polled until 
RQM is 1 and DIO is 1, which indicates a ready 
status and outward FIFO direction. At this point, the 
host can read a byte from the FIFO. As in the 
Send__byte routine, a timout counter should be in- 
corporated in case of a disk controller lock-up condi- 
tion. For example, if a disk was not inserted into the 
disk drive at the time of a read operation, the 
controller would fail to receive the index pulse and 
lockup since the index pulses are required for termi- 


_ nation of the execution phase. 


9.2 Initialization 


Initializing the 82078 involves setting up the appro- 
priate configuration after a reset. Parameters set by 
the SPECIFY command are undefined after a sys- 
tem reset and will need to be reinitialized. CONFIG- 
URE command parameters default to a known state 
after a system reset but will need to be reinitialized if 
the system requirements are different from the de- 
fault settings. This can be accomplished in two 
ways; either issue the individual commands, or issue 
the Restore command (assuming the Save com- 
mand was issued). The Restore command is a suc- 
cinct way to initialize the 82078, this is the preferable 
method if the system power management powers 
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the 82078 on and off frequently. The flowchart for 


the recommended initialization sequence of the © 


82078 is shown in Figure 9-3. 


Following a reset of the 82078, the Configuration 
Control Register (CCR) should be reinitialized for the 
appropriate data rate. An external reset via the 
RESET pin will cause the data rate and write pre- 
compensation values to default to 250 Kbps (10b) 
and 125 ns (000b) respectively. Since the 125 ns 
write precompensation value is optimal for the 51/,” 
and 31,” disk drive environment, most applications 
will not require the value to be changed in the initiali- 
zation sequence. As a note, a software reset issued 
via the DOR or DSR will not affect the data rate or 
write precompensation values. But it is recommend- 
ed as a safe programming practice to always pro- 
gram the data rate after a reset, regardless of the 


type. 


Since polling is enabled after a reset of the 82078, 
four SENSE INTERRUPT STATUS commands need 
to be issued afterwards to clear the status flags for 
each drive. The flowchart in Figure 9-3 illustrates 
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how the software clears each of the four interrupt 
status flags internally queued by the 82078. It should 
be noted that although four SENSE INTERRUPT 
STATUS commands are issued, the INT pin is only 
active until the first SENSE INTERRUPT STATUS 
command is executed. 


As a note, if the CONFIGURE command is issued 
within 250 pus of the trailing edge of reset 
(@1 Mbps), the polling mode of the 82078 can be 
disabled before the polling initiated interrupt occurs. 
Since polling stops when the 82078 enters the com- 
mand phase, it is only time critical up to the first byte 
of the CONFIGURE command. If disabled in time, 
the system software no longer needs to issue the 
four SENSE INTERRUPT STATUS commands to 
clear the internal interrupt flags normally caused by 
polling. 


The CONFIGURE command should also be issued if 
the system requirements are different from the de- 
fault settings. For example, the CONFIGURE com- 
mand can be used to enable the FIFO, set the 
threshold, and enable Implied Seeks. 


H/W RESET 


DEASSERT S/W 
RESET BIT IN DOR 


ISSUE CONFIGURE 
«| HF sani xr. osc. 


IS USED AS CLK. 


PROGRAM DATA RATE 
VIA CCR OR DSR 


RESTORE COMMAND* 


WAIT FOR INTERRUPT 
ISSUE SENSE INTERRUPT 
STATUS COMMAND 


LOOP 4 TIMES 


READ STO & PCN 
ISSUE SPECIFY 


ISSUE PERPENDICULAR 
(FOR 4MB DRIVES) 
DRIVE SPECIFICATION 
82078 READY TO 
ACCEPT COMMANDS 


NOTE: 
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(*) A sense interrupt status may be required if the Restore command is not issued within 250 ys of the trailing edge of a 


H/W reset (@1 Mbps). 


Figure 9-3. Initialization Flowchart 


2-127 


2 


82078 44 PIN 


The non-DMA mode flag, step rate (SRT), head load 
(HLT), and head unload times (HUT) programmed by 
the SPECIFY command do not default to a known 
state after a reset. This behavior is consistent with 
the 8272A and has been preserved here for compat- 
ibility. Thus, it is necessary to always issue a 
SPECIFY command in the initialization routine. 


9.3 Recalibrates and Seeks 


Commands that position the disk head are different 
from the typical READ/WRITE/FORMAT command 
in the sense that there is no result phase. Once a 
RECALIBRATE, SEEK, or RELATIVE SEEK com- 
mand has been issued, the 82078 will return a ready 
status in the Main Status Register (MSR) and per- 
form the head positioning operation as a back- 
ground task. When the seek is complete, the 82078 
will assert the INT signal to request service. A 
SENSE INTERRUPT STATUS command should 
then be asserted to clear the interrupt and read the 
status of the operation. Since the drive and motor 
enable signals are directly controlled through the 
Digital Output Register (DOR) on the 82078, a write 
to the DOR will need to precede the RECALIBRATE 
or SEEK command if the drive and motor is not al- 
ready enabled. Figure 9-4 shows the flow chart fo 
this operation. | 


ENABLE DRIVE & MOTOR 
VIA DOR 
ISSUE RECALIBRATE OR 
SEEK COMMAND 
WAIT FOR INTERRUPT 
ISSUE SENSE INTERRUPT 
STATUS COMMAND 


READ STO & PCN 


SEEK FAILURE 


YES 


SEEK COMPLETE 
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Figure 9-4. Recalibrate and Seek Operations 
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9.4 Read/Write Data Operations 


A read or write data operation requires several steps 
to complete successfully. The motor needs to be 
turned on, the head positioned to the correct cylin- 
der, the DMA controller initialized, the read or write 
command initiated, and an error recovery scheme 
implemented. The flowchart in Figure 9-5 highlights 
a recommended algorithm for performing a read or 
write data operation. 


Before data can be transferred to or from the disk- 
ette, the disk drive motor must be brought up to 
speed. For most 31.” disk drives, the spin-up time is 
300 ms, while the 514,” drive usually requires about 
500 ms due to the increased moment of inertia asso- 
ciated with the larger diameter diskette. 


One technique for minimizing the motor spin-up de- 
lay in the read data case is to begin the read opera- 
tion immediately after the motor is turned on. When 
the motor is not initially up to speed, the internal 
data separator will fail to lock onto the incoming data 
stream and report a failure in the status registers. 
The read operation is then repeated until successful 
status is obtained. There is no risk of a data integrity 
problem since the data field is CRC validated. But, it 
is not recommended to use this technique for the 
write data operation even though it requires suc- 
cessful reading of the ID field before the write takes 
place. The data separator performance of the 82078 
is such that locking to the data stream could take 
place while the motor speed variation is still signifi- 
cant. This could result in errors when an attempt is 
made to read the disk media by other disk control- 
lers that have a narrower incoming data stream fre- 
quency bandwidth. 


After the motor has been turned on, the matching 
data rate for the media inserted into the disk drive 
should then be programmed to the 82078 via the 
Configuration Control Register (CCR). The 82078 is 
designed to allow a different data rate to be pro- 
grammed arbitrarily without disrupting the integrity of 
the device. In some applications, it is required to au- 
tomatically determine the recorded data rate of the 
inserted media. One technique for doing this is to 
perform a READ ID operation at each available data 
rate until a successful status is returned in the result 
phase. 
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ENABLE DRIVE & MOTOR 
VIA DOR 
PROGRAM DATA RATE 
VIA CCR 
RECALIBRATE 


MOTOR ON ; = 


TIME > 500 msec 


INITIALIZE DMA 
CONTROLLER 
ISSUE READ OR WRITE 
COMMAND 
INITIALIZE TIMEOUT 
COUNTER 


COUNTER 
TIMEOUT? FDC TIMEOUT ERROR 


FDC INTERRUPT READ/WRITE 
DETECTED? TRIES > 3 


YES 
READ RESULT BYTES RECALIBRATE 


YES TES 
READ/WRITE OPERATION 
OPERATION COMPLETE FAILED 


Figure 9-5. Read/Write Operation 
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lf implied seeks are not enabled, the disk drive head 
must be positioned over the correct cylinder by exe- 
cuting a SEEK command. After the seek is com- 
plete, a head settling time needs to be asserted be- 
fore the read or write operation begins. For most 
drives, this delay should be a minimum of 15 ms. 
When using implied seeks, the minimum head set- 
tling time can be enforced by the head load time 
(HLT) parameter designated in the SPECIFY com- 
mand. For example, a HLT value of 8 will yield an 
effective head settling time of 16 ms for a pro- 
grammed data rate of 500 Kbps. Of course if the 
head is already positioned over the correct cylinder, 
the head settling time does not need to be enforced. 


The DMA controller is then initialized for the data 
transfer and the read or write command is executed. 
Typically the DMA controller will assert Terminal 
Count (TC) when the data transfer is complete. The 
82078 will then complete the current data transfer 
and assert the INT signal signifying it has entered 
the result phase. The result phase can also be en- 
tered by the 82078 if an error is encountered or the 
last sector number equals the End of Track (EOT) 
parameter. 


Based on the algorithm in Figure 9-5, if an error is 
encountered after reading the result bytes, two more 
retries are performed by reinitializing the DMA con- 
troller and re-issuing the read or write data com- 
mand. A persisting failure could indicate the seek 
operation did not achieve proper alignment between 
the head and the track. The disk head should then 
be recalibrated and the seek repeated for a maxi- 
mum of two more tries. Unsuccessful operation after 
this point should be reported as a disk failure to the 
operating system. 
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The disk formatting procedure involves positioning 
the head on each track and creating a fixed format 
field used for organizing the data fields. The flow- 
chart in Figure 9-6 highlights the typical format pro- 
cedure. 


9.5 Formatting 


After the motor has been turned on and the correct 
data rate programmed, the disk head is recalibrated 
to track 0. The disk is then allowed to come up to 
speed via a 500 ms delay. It is important the disk 
speed has stabilized before the actual formatting to 
avoid any data rate frequency variations. Since the 
format fields contain critical information used by the 
data separator of the disk controller for synchroniza- 
tion purposes, frequency stability of the data stream 
is imperative for media interchangeability among dif- 
ferent systems. 


The ID field data created on the disk during the for- 
mat process is provided by the DMA controller dur- 
ing the execution phase. The DMA controller is ini- 
tialized to send the C,H, R and N values for each 
sector ID field. For example, to format cylinder 7, on 
head 1, with 9 sectors, and a sector size of 2 (512 
bytes), the DMA controller should be programmed to 
transfer 36 bytes (9 sectors < 4 bytes per sector) 
with the following data field: 7,1,1,2, 7,1,2,2, 7,1,3,2, 
... 7,1,9,2. Since the values provided to the 82078 
during the execution phase of the format command 
are directly recorded as the ID fields on the disk, the 
data contents can be arbitrary. Some forms of copy 
protection have been implemented by taking advan- 
tage of this capability. 
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FDC TIMEOUT ERROR 


INCREMENT CYLINDER 
COUNT 


CYLINDER COUNT 
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TES 
FORMAT COMPLETE 
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Figure 9-6. Formatting 


After each head for a cylinder has been formatted, a 
seek operation to the next cylinder is performed and 
the format process is repeated. Since the FORMAT 
TRACK command does not have implied seek capa- 
bility, the SEEK command must be used. Also, as 
discussed in Section 9-2, the head settling time 
needs to be adhered to after each seek operation. 


9.6 Save and Restore 


The Save and Restore commands were developed 
for portable systems that use zero-volt powerdown 


to conserve power. These systems turn off the Voc 
to most of the system and retain the system status 
in a specific location. In older floppy controller de- 
signs, in order for system designers to retrieve the 
floppy controller status, a lot of separate commands 
and register reads were required. The Save com- 
mand stores the key status information in a single 
command, the Restore command restores this infor- 
mation with a single command. These commands 
can be integrated into the SMM module that is re- 
sponsible for zero-volt powerdown. 
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The sequence of initializing the 82078 after a reset 
occurred and assuming a Save command was is- 
sued follows: 


e Issue the Drive Spec command (if the design uti- 
lizes this command) 


e Issue the Restore command 


The Restore command programs the data rate and 
precompensation value via the DSR. It then restores 
the values normally programmed through the Con- 
figure, Specify, and Perpendicular commands. It also 
enables the previously selected values for the AUTO 
Powerdown command. The command then restores 
the PCN values to its previous values. The user is 
responsible for issuing the seek and recalibrate 
commands to restore the head to the proper loca- 
tion. There are some drives that do not recalibrate in 
which case the Restore command will restore the 
previous state completely. The PDOSC bit is retriev- 
able using the Save command, however it is up to 
the system designer to set it correctly. The software 
must allow at least 20us to execute the Restore 
command. When using the BOOTSEL bit in the 
TDR, the user must restore or reinitialize this bit to 
it’s proper value. 


9.7 Verifies 


In some applications, the sector data needs to be 
verified immediately after each write operation. One 
verify technique reinitializes the DMA controller to 
perform a read transfer or verify transfer (DACK # is 
asserted but not RD#) immediately after each write 
operation. Issue a read command to the disk con- 
troller and the resulting status indicates if the CRC 
validated the previously written data. This technique 
has the drawback of requiring additional software in- 
tervention by having to reprogram the DMA control- 
ler between each sector write operation. The 82078 
supports this verify technique but also provides a 
VERIFY command that does not require the use of 
the DMA controller. 


To verify a write data transfer or format track opera- 
tion using the VERIFY command, the software sim- 
ply issues the command with the same format as a 
READ DATA command but without the support of 
the DMA controller. The 82078 will then perform a 
disk read operation without a host data transfer. The 
CRC will be calculated for each sector read and 
compared against the value stored on the disk. 
When the VERIFY command is complete, the status 
register reports detected CRC errors. 
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9.8 Powerdown State and Recovery 


The two power management modes coupled with 
the internal oscillator power management forms an 
important consideration for programming the 82078. 
The recovery of 82078 and the time it takes to 
achieve complete recovery depends on how 82078 
is powered down and how it is awakened. The fol- 


lowing sections describe all the programming con- 


cerns and subtleties involved in using power man- 
agement features of the 82078. The 3.3V version of 
the 82078 has the same power saving features as 
the 5.0V versions. 


9.8.1 OSCILLATOR POWER MANAGEMENT 


Section 4.1 covers the power management scheme 
involved in powering down of both an internal and an 
external oscillator. Both types of oscillators face 
drop out effects and require recovery times on the 
order of tens of milliseconds (this may be objection- 
able to some application software). This means that 
if the oscillator is powered down then it is imperative 
for the software to assure enough time for the oscil- 
lator to recover to a stable state. Oscillator power 
management must be controlled by the system soft- 
ware especially to maintain software transparency. 
In cases where the system goes into a standby 
mode (by user request or system time-out), the pow- 
er management software can turn off the oscillator 
to conserve power. This can also be controlled in 
hardware using the Powerdown (PD#) pin. Com- 
plete recovery from an oscillator powerdown state 
requires the software to turn on the oscillator suffi- 
ciently ahead of awakening the 82078. 


9.8.2 PART POWER MANAGEMENT 


The part powerdown and wake up modes are cov- 
ered in Section 4.2 in detail. This section is meant to 
address the programming concerns for the part (ex- 
cluding the oscillator) during these modes. 


9.8.2.1 Powerdown Modes 


For both types of powerdown modes—DSR power- 
down and auto powerdown, if reset is used to exit 
the part from powerdown then the internal microcon- 
troller will go through a standard sequence: register 
initialization followed after some delay by an inter- 
rupt. 


Software transparency in auto powerdown mode is 
preserved by MSR retaining the value of 80H which 
indicates that the part is ready to receive a com- 
mand. This feature allows the part to powerdown 
while maintaining its responsiveness to any applica- 
tion software. 
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The PD and IDLE status bits can be monitored via 
the Status Register B (SRB, EREG EN = 1). Since 
the IDLE# pin stays high when the 82078 is in idle 
state, the IDLEMSK bit can be used to set the pin 
low again (as part of a power management routine). 


NOTE: 
The IDLEMSK prevents the user from knowing if 
the part has entered auto powerdown or DSR pow- 
erdown. 


9.8.2.2 Wake Up Modes 


Wake up from DSR powerdown results in the part 
being internally reset and all present status being 
lost. During DSR powerdown the RQM bit in the 
MSR is set. A software or hardware reset will wake 
up the part. 


The case for wake up from auto powerdown is differ- 
ent. The BIOS and application software are very 
sensitive to delays involved in writing the first com- 
mand bytes to the 82078. Most programs have short 
error time-outs in these cases. Such programs would 
not tolerate any floppy disk controller that was un- 
able to receive the first byte of a command at any 
time. The following describes how 82078 uniquely 
sustains its software transparency during wake up 
sequences. 


Prior to writing a command to 82078, it is first neces- 
sary to read the MSR to ensure that the 82078 is 
ready (RQM bit must be set) to receive the com- 
mand. When the part detects a MSR read, it as- 
sumes that another command will follow and begins 
the wake up process. While the part is waking up it 
does not change the state of the MSR (MSR = 
80H) and is able to receive the command in the 
FIFO. At this point one of the two following scenar- 
ios Can occur. 


No other command is sent subsequent to the MSR 
read. The part wakes up and initializes the minimum 
power up timer. Upon the expiration of this timer the 
part is once again put in powerdown state. 
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Another command follows the MSR read. If the com- 
mand is sent during the part’s recovery from power- 
down, the part remembers the command, clears the 
RQM bit (to prevent further bytes being written) and 
acts on the command once it-is fully awake. 


If the MSR was not checked prior to writing of a 
command, the part will proceed as stated above with’ 


the RQM bit cleared and the command byte held 
until the internal microcontroller is ready. Writing the 
motor enable bits in DOR active will initiate the wake 
up sequence with RQM set high, ready to receive 
any command. 


As it is clear from the above discussion, the immedi- 
ate access to the floppy disk controller for the first 
command byte is vital to software transparency. The 
recovery of the part from powerdown may involve a 
delay after the first command byte has been issued. 
However, all programs have tolerance for the delay 
after the first command byte is issued. In a powered 
up chip, it is possible for the microcontroller to be in 
its “polling loop”. As a result, the tolerance for this 
delay provides an excellent window for recovery of 
the part. 


10.0 DESIGN APPLICATIONS 


10.1 Operating the 82078-3 in a 3.3V 
Design , 


The design for 3.3V is the same as it is for 5.0V, 
however the floppy drive interface signals can be at 
either 3.3V or 5.0V levels depending on the voltage 
on the Vccr pin. The Vccr pin allows the FDD inter- 
face to be operated in mixed (3.3V/5.0V) mode. For 
example, if the system operates at 3.3V and the 
floppy disk drive operates at 5.0V, the 82078 can be 
configured to operate at 3.3V with 5.0V available to 
the drive interface. See Figure 10-1 for a schematic. 
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10.2 Selectable Boot Drive 


Generally a standard personal computer is config- 
ured with a 1.2 MB 5.25” disk drive and a 1.44 MB 
or 2.88 MB 3.5” disk drive. Usually the drive that 
connects as ‘‘A:” is the boot drive. At times the user 
may want to configure ‘“‘B:” as the boot drive. Cur- 
rently some BIOS’ use a special implementation in 
software to accomplish this. The 82078 now offers 
this capability more efficiently by configuring the 
boot drives. 


The 82078 allows for virtual drive designations. This 


is a result of multiplexing the boot drive select and 
motor enable lines, as shown in Figure 10-2. 


44PD EN BOOTSEL (TDR) 


Res es a a 


DO 
MOT | MOT 
EN1 | ENO 


Default 


DRV | DRV 
SEL1| SEL2 
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The DRIVE SEL1 and the DRIVE SEL2 bits in the 
DOR register decode internally to generate the sig- 
nals DSn. The MEn signals generate directly from 
the DOR register. The DSn and MEn signals get 
mapped to actual FDSn and FDMEn pins based on 
the BOOTSELn bits (selected in the TDR register). 
The exact mapping of BOOTSEL vs the FDSn and 
FDMEn pins is shown in the following table. 


Mapping 


nae DSO —> FDSO, MEO —> FDMEO 
DS1 — FDS1, ME1 — FDME1 


DSO — FDS1, MEO — FDME1 
DS1 —> FDSO, ME1 —> FDMEO 


DSO — FDSO, MEO — FDMEO 
DS1.-> PD, -ME1T => IDLE 
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Figure 10-2. Virtual Drive Configuration 
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The BOOTSEL bit allows users to multiplex the out- 
put drive signals allowing different drives to be the 
boot drive. The DSn and MEn bits are considered 
virtual designations since the DSn and MEn signals 
get remapped to different corresponding physical 
FDSn and FDMEn pins. In other words, once the 
BOOTSEL bit is configured for a non-default selec- 
tion, all future references made to the controller will 
be assumed as virtual designations. Note, due to the 
virtual designations TAPESEL[1:0] = 00 would never 
enable tape mode due to boot drive restrictions. 


10.3 How to Disable the Native Floppy 
Contoller on the Motherboard 


There are occasions when the floppy controller de- 
signed onto the motherboard of a system needs to 
be disabled in order to operate another floppy con- 
troller on the expansion bus. This can be done with- 
out changing the BIOS or remapping the address of 
the floppy controller (provided there is a jumper, or 
another way to disable the chip select on the native 
controller). 


Upon reset, the DOR register in the 82078 is set to 
OOH. If the CS# is left enabled during the POST, the 
DOR is set to OCH, this enables the DMA GATE # bit 
in the DOR. When this bit is set, the 82078 treats a 
DACK# and a RD# or WR# as an internal chip 
select (CS#). Bus contention will occur between the 
native controller and the auxiliary controller if the 
DMA GATE# bit becomes active, even if the CS# 
signal is not present. 
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The proper way to disable the native floppy control- 
ler is to disable the CS# before the system is turned 
on. This will prevent the native controller from get- 
ting initialized. Another option is to map the native 
controller to a secondary address space, then dis- 
able the DMA GATE# via the DOR disabling the 


DMA GATE #. This assumes that the native control- 
ler is switched to a secondary address space. 


10.4 Replacing the 82077SL with a 
82078 in a 5.0V Design 


The 82078 easily replaces the 5.0V 82077SL with 
minimum design changes. With a few exceptions, 
most of the signals are named as they were in the 
82077SL. Some pins were eliminated and others re- 
named to accommodate a reduced pin count and 
smaller package. | 


The connections to the AT bus are the same as the 
82077SL with the following exceptions: MFM and 
IDENT have been removed. The PLLO pin was re- 
moved. Tape drive mode on the 82078 must be con- 
figured via the Tape Drive Register (TDR). 


The Drive Interface on the 82078 is also similar to 
the 82077SL except as noted: DRVDENO and 
DRVDEN1 on the 82078 take the place of DENSEL, 
DRATEO, and DRATE1 on the 82077SL. The Drive 
Specification Command configures the polarity of 
these pins, thus selecting the density type of the 
drive. The Motor Enable pins and the Drive Select 
pins are renamed FDME(0-1) and FDS(0-1) re- 
spectively on the 82078. 10K pull-up resistors can 
be used on the disk interface. See Figure 10-3 for a 
schematic of the connection. 
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Pin Changes on the 44 Pin Part: 


e If the 44PD EN bit in the powerdown command is 
set, then the FDS1# and FDME1# no longer 
function as drive select and motor enable. In- 
stead these pins become functional as status 
outputs of PD and IDLE. 


e INVERT # is removed. 
e Four NCs (no connects) are removed. 


e MFM, IDENT have been removed. The 44 pin 
82078 only operates in AT/EISA mode. 
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PLLO is removed. Hardware configurability for 

tape drive mode is not supported. Configure tape 

mode via the TDR register. 

DENSEL, DRATE1, DRATEO pins have been 

substituted by DRVDENO, DRVDEN1. The new 

pins are configured for each drive via the Drive 

Specification command. 

DRV2 and RDGATE are not available. 


There are 3 Vss pins, 2 Vcc pins, one AVss and 
one AVcc pin. 
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11.0 D.C. SPECIFICATIONS 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 


11.1 Absolute Maximum Ratings 


Storage Temperature .......... —65°C to. + 150°C ” eels 8 

Operating Conditions” is not recommended and ex- 
SOUEIDEY VOIAGS ., 0.5 4.296 camns o's ius Ws —0.5 to + 8.0V tended exposure beyond the “Operating Conditions” 
Voltage on Any Input ........... GND — 2Vto6.5V ~=—- ay affect device reliability. 
Voltage on Any Output .GND — 0.5V to Voc + 0.5V | 
CE LACH MPIEICD tsa wnt Gon'e wa on ok ons wa we tee Oe 1W 


11.2 D.C. Characteristics T, = 0°C to + 70°C, Vsg = AVgg = OV 


44 PIN D.C. CHARACTERISTICS 


Vcc = +5V +10% Vec = 3.3V +0.3V 
Parameter Test Test 
Min (V M 
wae ens 
VIHC Input High Ral Oy ae call Mase >i. ioe 
Voltage, X1 


Input Low Voltage 
(All Pins except 
X1) 


Input High Voltage 
(All Pins except 
x1 poser 


VoL | System Interface | Interface | 04 | ign =12ma__ | = 12mA | 04 | lop =6mA__ | = 6mA 


FDD Interface 0.4 lo. = 12 mA lol = 6mA 
ee ee 


VOH All | AllOutputs fee Ay = eam. = —-4.0mA | tga = $2.0.mA-, = —2.0mA 


All Outputs eet lon = = 100 uA Seat lol = = 100 nA 


44 PIN D.C. CHARACTERISTICS Icc 


p : Voc = +5V +10% Vec = +3.3V +0.3V 
arameter 
Typical | Max Test Condition | Typical Max | Test Condition 


Vit = Vss, Vin = Voc 
Vit = 0.45, Vin = 2.4 
Vic = Vss, Vin = Voc 
(onan care 0.45, Vin = 2.4 


HIgginPowerdown in Powerdown 60 | 60 mA | (Notes 3, | (Notes 3, 4) 60 | 60 uA | (Notes 3,4) | 3, 4) 


Input Load Current (All Input 10 pA | Vin = Voc 10 pA 
Pins) —10 pA | Vin = OV —10 pA | Vin = OV 
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44 PIN D.C. CHARACTERISTICS Icc (Continued) 


p i Vcc = +5V +10% Vec = +3.3V +0.3V 
arameter 
Typical | Max Test Condition Typical ; Max Test Condition 


lOFL Data Bus Output +10 pA | 0.45 < Vout < Voc +10 pA | 0.45 < Vout < Voc 
Float Leakage 


NOTES: 
1. Only the data bus inputs may float. 

2. Tested while reading a sync field of ‘“‘00’’. Outputs not connected to D.C. loads. 
3. Vit = Vss, Vid = Voc; Outputs not connected to D.C. loads. 

4. Typical value with the oscillator off. 


CAPACITANCE 


Cin Input Capacitance f = 1 MHz, Ta = 25°C 
Clock Input Capacitance Pet hae Rs ae Sampled, Not 100% Tested 
Input/Output Capacitance | 20, | pF | 


NOTE: 
All pins except pins under test are tied to A.C. ground. 


LOAD CIRCUIT 11.3 Oscillator 


24 MHz 
CRYSTAL 


a5 C load 


we 290474-13 


NOTE: 
Cioad = 50 pF for all logic outputs, 100 pF for the data 
bus. 


A.C. TESTING INPUT, OUTPUT WAVEFORM 48 MHz or 24MHz 
Oscillator 5) 
82078SL 
eA 
‘~ X2 


290474-28 


290474-15 


290474-14 


The 24 MHz clock can be supplied either by a crystal 
or a MOS level square wave. All internal timings are 
referenced to this clock or a scaled count which is 
data rate dependent. 


The crystal oscillator must be allowed to run for 
10 ms after Vcc has reached 4.5V or exiting the 
POWERDOWN mode to guarantee that it is stable. 


Frequency: 24 MHz +0.1% 
Mode: Parallel Resonant Fundamental 
Mode 


Series Resistance: Less than 400 
Shunt Capacitance: Less than 5 pF 
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12.0 A.C. SPECIFICATIONS 
Ta = 0°C to +70°C, Voc = +5V +10%, +3.3V +0.3V, Vgg = AVsg = OV 


[—symbot_—_——~Paremeter——— | win | Max [Unt 
Ek dh paid tiwk oc a 
[2 | chock 

ee 


Clock High Time(”) CSRBE Rett ees es 


Clock Low Time(7) 
Clock Period 
| §t5 =| __ Internal Clock Period (3) 


[7 | AdsressSoupionde dS 
| Abe Pueowin ST wo 
[ww _| _AdsreesHoldiromnoe | 
[10 | Data Vaid tomnoe | 
wat RE 
RUA! 
Pee We aa 


0 
[13 | INT Delaytomnoete if 
ee ee 
PRE ATR Nee Ne 
LPS IRS URI 
Pt we 


th +125 — 


[18 | Commandinacive Humes 
SS Ee PAP 
an coe et 
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12.0 A.C. SPECIFICATIONS : 
Ta = OC to +70°C, Voc = +5V 410%, +3.3V +0.3V, Vssg = AVss = OV (Continued) 


“Hardware” Reset Width) = [1-13] 
“Software” Reset Width(5) (Note 11) eee | ae ae 


x ae a Se 
[we | one Howtomstere [0 | Sip 
[er | StePe Active inet [28 | 
[we [Stee Oyseting —[ 
[two | INDEK# Pulse wah «tS 


WE # to HDSEL # Change (Note 13 op ee be ans BS 


READ DATA TIMING 


[wo | Read DemPacowem [oi 
Ot ES sor - ckiomemtaemes peaeinoa aun 
Me | prt | eee 
es ae a eS A GE 


NOTES: 
1. This timing is for FIFO threshold = 1. When FIFO threshold is N bytes, the value should be multiplied by N and subtract 
1.5 ws. The value shown is for 1 Mbps, scales linearly with data rate. 
2. This value can range from 0.5 ms to 8.0 ms and is dependent upon data rate and the Specify command value. 
3. Many timings are a function of the selected data rate. The nominal values for the internal clock period (t5) for the various 
data rates are: 


1Mbps_ 3 X oscillator period = 125ns 
‘ 500 Kbps... 6 X oscillator period = 250 ns 
300 Kbps 10 X oscillator period = 420 ns 
250 Kbps__—- 12 X oscillator period = 500 ns 
4. If DACK# transitions before RD#, then this specification is ignored. If there is no transition on DACK#, then this becomes 
the DRQ inactive delay. 
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5. Reset requires a stable oscillator to meet the minimum active period. 
6. Based on the internal clock period (t5). For various data rates, the Write Data Width minimum values are: 
1 Mbps _ 5 X oscillator period —50 ns = 150 ns 
500 Kbps__‘10 X oscillator period —50 ns = 360 ns 
300 Kbps 16 X oscillator period —50 ns = 615 ns 
250 Kbps___—‘'19 X oscillator period —50 ns = 740 ns 
7. Test points for clock high time are 3.5V. Due to transitional times, clock high time max and clock low time max cannot be 
met simultaneously. Clock high time min and clock low time max can not be met simultaneously. 
8. Based on internal clock period (t5). 
9. Jitter tolerance is defined as: 
(Maximum bit shift from nominal position + 1% period of nominal data rate) x 100% 
is a measure of the allowable bit jitter that may be present and still be correctly detected. The data separator jitter 
tolerance is measured under dynamic conditions that jitters the bit stream according to a reverse precompensation 
algorithm. 
10. TC width is defined as the time that both TC and DACK# are active. Note that TC and DACK# must overlap at least 
50 ns. 
11. The minimum reset active period for a software reset is dependent on the data rate, after the 82078 has been properly 
reset using the t30 spec. The minimum software reset period then becomes: 
1Mbps 3x t4= 125ns 
500 Kbps’ 6 X t4 = 250ns 
300 Kbps 10 x t4 = 420ns 
250 Kbps’ 12 X t4 = 500ns 
12. Status Register’s status bits which are not latched may be updated during a Host read operation. 
13. The minimum MFM values for WE to HDSEL change (t41) for the various data rates are: 
1Mbps 0.5ms + [8 X GPL] 
500 Kbps =: 1.0ms + [16 x GPL] 
300 Kbps = 1.6ms + [26.66 <x GPL] 
250 Kbps 2.0ms + [32 x GPL] 
GPL is the size of gap3 defined in the sixth byte of a Write Command. 
14. This timing is a function of the selected data rate as follows: 
1 Mbps 1.0 ps min 
500 Kbps) 2.0 us min 
300 Kbps) 3.3 us min 
250 Kbps 4.0 us min 
15. This timing is a function of the internal clock period (t5) and is given as (7/4) t5. The values of t5 are shown in Note 3. 
16. The timings t13 and t21 are specified for INT signal in the polling mode only. These timings in case of the result phase of 
the read and write commands are microcode dependent. | 
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Clock Timings 


290474-16 


Host Read Cycles 


290474-17 


Host Write Cycles 


290474-18 
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DMA Cycles 


t22 


290474-19 


Terminal Count 


290474-20 


DRQ, INT, 
WE# 
290474-21 
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Write Data Timing 


se ae eae 


WRDATA 


290474-22 


Drive Control 


ee 
PP 


t38 


290474-23 


NOTE: 
For overlapped seeks, only one step pulse per drive section is issued. Non-overlapped seeks will issue all programmed 
step pulses. 


Internal PLL 
t44 


RDDATA 


290474-24 
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12.1 Package Outline for the 44 Pin QFP Part 


82078 addresses the current need of the smaller and thinner packages, for the current market. The size of the 
part is becoming increasingly important in the portable computer market. The QFP part considerably reduces 
the real estate consumed. The package outline with the appropriate dimensions are given below: 


44-Lead Quad Flatpack Package 


290474-25 


44 Pin QFP Package | 
Description 
|_Nominal(mm) | __Tolerance (mm) 


A 
Ai 


Lead Spacing 
Lead Count Ra ees 0 | eine He. Ge Se 
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13.0 REVISION HISTORY FOR THE Section 4.4 


S2076. 44 FIN Reference to register SRA removed. SRA is not 
The following list represents the key differences be- available on the 44 pin 82078. 
tween version 002 and version 003 of the 82078 
44 pin data sheet. 


| Section 5.2.3 
Section 2.1 Redundant information removed. 
Reference to register SRA removed. SRA is not 
available on the 44 pin 82078. Section 5.2.4 


Redundant information removed. 


Section 2.1.2 


DRIVE SEL 1 removed from DOR description. This Section 6.3.2 
bit is not available on the 44 pin version of the 


82078. Clarification of command. 
Section 4.2 Table 1.0 
Clarification of PDOSC. Reference to register SRA removed. SRA is not 


available on the 44 pin 82078. 


Table 2-2 and Table 2-3 


Table headings swapped to proper tables. 
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82078 64 PIN 
CHMOS SINGLE-CHIP FLOPPY DISK CONTROLLER 
= Small Footprint and Low Height — Selectable Boot Drive 
Packages — Standard IBM and ISO Format 
Features 
m@ Supports Standard 5.0V as well as Low e eisisnad wlth Wiekie: Goonniad tee 
Voltage 3.3V Platforms . ; 
— Selectable 3.3V and 5.0V High Performance in Mass Floppy 
Configuration Duplication 
— 5.0V Tolerant Drive Interface m Integrated Tape Drive Support 


m Enhanced Power Management — Standard 1 Mbps/500 Kbps/ 


taati 250 Kbps Tape Drives 
— Application Software Transparency ; 
— Programmable Powerdown — New 2 Mbps Tape Drive Mode 
Command m@ Perpendicular Recording Support for 
— Save and Restore Commands for 4 MB Drives 


Zero-Voit Powerdown , ; 
— Auto Powerdown and Wakeup m Integrated Host/Disk Interface Drivers 


Modes = Fully Decoded Drive Select and Motor 
— Two External Power Management Signals 
Pins = Programmable Write Precompensation 
— Consumes no Power when in Delays 
iebuasipa's m Addresses 256 Tracks Directly, 
m Integrated Analog Data Separator Supports Unlimited Tracks 
= ee ee 16 Byte FIFO 
— 300 Kbps = ye ©: 
— 500 Kbps m@ Single-Chip Floppy Disk Controller 
— 1 Mbps Solution for Portables and Desktops 
— 2 Mbps — 100% PC AT* Compatible 


— 100% PS/2* Compatible 


# thei Lables Internal Oscillator — 100% PS/2 Model 30 Compatible 

= Floppy Drive Support Features — Fully Compatible with Intel386™ SL 
— ae ipl pki - Microprocessor SuperSet 
Renan 7 Pie Se ee mu Integrated Drive and Data Bus Buffers 


— Drive ID Capability Allows the User @ Available in 64 Pin QFP Package 
to Recognize the Type of Drive 


The 82078, a 24 MHz crystal, a resistor package, and a device chip select implements a complete solution. All 
programmable options default to 82078 compatible values. The dual PLL data separator has better perform- 
ance than most board level/discrete PLL implementations. The FIFO allows better system performance in 
multi-master (e.g., Microchannel, EISA). 


The 82078 maintains complete software compatibility with the 82077SL/82077AA/8272A floppy disk control- 
lers. It contains programmable power management features while integrating all of the logic required for floppy 
disk control. The power management features are transparent to any application software. There are two 
versions of 82078 floppy disk controllers, the 82078SL and 82078-1. 


The 82078 is fabricated with Intel’s advanced CHMOS Ill technology and is also available in a 44-lead QFP 
package. 


*Other brands and names are the property of their respective owner. 
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49 | ——_] RDGATE 


FDSO# 
DACK# (1 FDMEO# 
Deo 2 DRVIDO 
vssp ————43 FDS1# 
pB1 C14 FDME1# 
DAVID1 
DIR# 
VCCF 
MEDIDO 
STEP# 


De2 (15 
IDENTO C—_—__16 
0a3 Ca 
vssp (48 
pe: oY iamennannamt sal " 
DB4 C110 
IDENT? C111 vss 


pes C112 FDS2# 
Des C———13 . FDME2# 
vs§ (114 HDSEL# 
087 C-——_15 WE# 


SELsvé 46 WRDATA# 


DAV2# L____-___}-49 
INDX# C-_—____| 21 
MEDID1I C.__ 25 
DSKCHG# C—___} 26 
RDDATA# (C—____] 27 
DRVDENO (___} 28 


DRVDEN1 C_______] 30 
FDME3# C_____! 31 
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Figure 1-0. 82078 Pinout 
Table 1-0. 82078 (64 Pin) Description 


Pin @ H/W 
Cee ie dd 


HOST INTERFACE 


RESET N/A | RESET: A high level places the 82078 in a known idle state. All registers 
are cleared except those set by the Specify command. 


AO 58 N/A_ | ADDRESS: Selects one of the host interface registers: 

Al 57 A2 A1 AO Access Register 

A2 55 0. & «9 FR Status Register A SRA 
) “* + FAV Status Register B SRB 
i O R/W Digital Output Register DOR 
5.3 1 R/W Tape Drive Register TDR 
1 0.0 A Main Status Register MSR 
1 o'o  W Data Rate Select Register ~ DSR 
1 0 1 R/W Data Register (FIFO) FIFO 
1 1 0 Reserved 
1 : Digital Input Register DIR 
1 Configuration Control Register CCR 


pra Oh bd bod ot CHIP SELECT: Decodes the base address range and qualifies RD # and 
WR#. 
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Table 1-0.:82078 (64 Pin) Description (Continued) 


Pin @ H/W | 
Creed el cde a eee ne gee 


HOST INTERFACE (Continued) 


RD# 61 N/A_ | READ: Read control signal for data transfers from the floppy drive to the 
system. 
tal bed aS WRITE: Write control signal for data transfers to the floppy drive from the 
system. 


DMA REQUEST: Requests service from a DMA controller. Normally active 
IDENTO | 6 N/A 
IDENT1 | 11 


high, but will go to high impedance in AT and Model 30 modes when the 
. a 


in DMA cycles. Normally active low, but is disabled in AT and Model 30 
modes when the appropriate bit is set in the DOR. 


DATA BUS: 12 mA data bus. 


IDENTITY: These inputs decode between the several operation modes 
available to the user. These pins have no effect on the DRVDEN pins. 
IDENTO IDENT1 INTERFACE 


1 1 AT mode 
1 0 ILLEGAL 
0 1 PS/2 mode 
0 0 Model 30 


AT MODE: Major options are: enables DMA gate logic, TC is active high, 
Status Register B is available based on a bit the powerdown command. 
PS/2 MODE: Major options are: no DMA gate logic, TC is active low, Status 
Registers A & B are available. 

MODEL 30 MODE: Major options are: enable DMA gate logic, TC is active 
high, Status Registers A & B are available. 


INTERRUPT: Signals a data transfer in non-DMA mode and when status is 
valid. Normally active high, but goes to high impedance when the 
appropriate bit is set in the DOR. 


TERMINAL COUNT: Control line from a DMA controller that terminates the 
current disk transfer. TC is effective only when qualified by DACK #. This 

input is active high in the AT, and Model 30 modes when the appropriate bit 
is set in the DOR. 


EXTERNAL CLOCK OR CRYSTAL: Connection for a 24 MHz fundamental 
mode parallel resonant crystal. X1 can also be driven by an external clock 
(external oscillator) which can be either at 48 MHz or 24 MHz. If external 
oscillator is used then the PDOSC bit can be set to turn off the internal 
oscillator. Also, if a 48 MHz exernal oscillator is used then the CLK48 bit 
must be set in the enhanced CONFIGURE command. 


appropriate bit is set in the DOR. 
52 N/A 
51 


DMA ACKNOWLEDGE: Control input that qualifies the RD#, WR # inputs 
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Table 1-0. 82078 (64 Pin) Description (Continued) 


Pin @ H/W ii 
Fermnot || UO GRR |e anette | 


POWER MANAGEMENT 


se Bis 


SELECT 3.3V: This is a control pin that is used to select between 3.3V 
operation and 5.0V operation. This is an active low signal and selects 
3.3V mode of operation when tied to ground. 


POWERDOWN: This pin is active high whenever the part is in 
powerdown state, either via DSR POWERDOWN bit or via the Auto 
Powerdown Mode. This pin can be used to disable an external 
oscillator’s output. 


IDLE: This pin indicates that the part is in the IDLE state and can be 
powered down. IDLE state is defined as MSR = 80H, INT =0, and the 
head being ‘‘unloaded”’ (as defined in Section 4.0, Power Management 
Features). Whenever the part is in this state, IDLE pin is active high. If 
the part is powered down by the Auto Powerdown Mode, IDLE pin is set 
high and if the part is powered down by setting the DSR POWERDOWN 
bit, IDLE pin is set low. 


PLL SECTION 


RDDATA# | 27| | | N/A_| READ DATA: Serial data from the floppy disk. 
RDGATE Pe PC Eee” | READ GATE: This signal is basically used for diagnostic purposes. 


DISK CONTROL 


DRV2# DRIVE2: This is an active low signal that indicates whether a second 


drive is installed and is reflected in SRA. 


TRKO# 20 N/A _ | TRACKO: This is an active low signal that indicates that the head is on 
track 0. 

INDX# 21 N/A_ | INDEX: This is an active low signal that indicates the beginning of the 
track. 

WP # 22 N/A | WRITE PROTECT: This is an active low signal that indicates whether 
the floppy disk in the drive is write protected. 

MEDID1 25 N/A _ | MEDIA ID: These are active high signals that are output from the drive 

MEDIDO 40 to indicate the density type of the media installed in the floppy drive. 
These should be tied low if not being used. 

DSKCHG# SE Lot ee DISK CHANGE: This is an input from the floppy drive reflected in the 
DIR. 

DRVDENO DRIVE DENSITY: These signals are used by the floppy drive to 

DRVDEN1 configure the drive for the appropriate media. 

FDME3 # FLOPPY DRIVE MOTOR ENABLE: Decoded motor enables for drives 


FDME2# 0 to 3. The motor enable pins are directly controlled via the DOR and 
FDME1 # are a function of the mapping based on BOOTSEL bits in the TDR. 


FDME0O # 


FLOPPY DRIVE SELECT: Decoded floppy drive selects for drives 0 to 
3. These outputs are decoded from the select bits in the DOR and are a 
function of the mapping based on BOOTSEL bits in the TDR. 


WRDATA# WRITE DATA: MFM serial data to the drive. Precompensation value is 
selectable through software. 3 
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Table 1-0. 82078 (64 Pin) Description (Continued) 


@ H/W 
-symbot | P| v0 | atu Description 


DISK CONTROL (Continued) | | 


WE # 34 WRITE ENABLE: Floppy drive control signal that enables the head to 
write onto the floppy disk. | 

HDSEL# | 35 | O HEAD SELECT: Selects which side of the floppy disk is to be used for the 
corresponding data transfer. It is active low and an active level selects 
head 1, otherwise it defaults to head 0. 

STEP # STEP: Supplies step pulses to the floppy drive to move the head between 
tracks. 

DIR# DIRECTION: It is an active low signal which controls the direction the 
head moves when a step signal is present. The head moves inwards 
towards the center if this signal is active. 

DRVIDO 51a Tell DRIVE ID: These signals are input from the floppy drive and indicate the 

DRVID1 43 


type of drive being used. These should be tied low if not being used. 
POWER AND GROUND SIGNALS : 


VOLTAGE: + 5V for 5V floppy drive and 3.3V for 3.3V floppy drive.* 
VOLTAGE: + 5V or 3.3V 


N/A | GROUND: OV 


rea 
Vss 14 N/A | GROUND: OV 
29 
38 
53 
62 
ae | 
a 


N/A | ANALOG VOLTAGE 


N/A | ANALOG GROUND | 
*NOTE: 


The digital power supply Vcc and the analog power supply AVcc should either be the same or regulated to be within 0.1V of 
either. 
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1.0 INTRODUCTION 


The 82078, a 24 MHz (or 48 MHz) oscillator, a resis- 
tor package and a chip select implement a complete 
design. The power management features of the 
82078 are transparent to application software, the 
82078 seems awake to the software even in power- 
down mode. All drive control signals are fully decod- 
ed and have 24 mA (12 mA @ 3.3V) drive buffers. 
Signals returned from the drive are sent through on- 
chip input buffers with hysteresis for noise immunity. 
The integrated analog data separator needs no ex- 
ternal compensation of components, yet allows for 
wide motor variation with exceptionally low soft error 
rates. The microprocessor interface has 12 mA drive 
buffers on the data bus plus 100% hardware register 
compatibility for PC-AT and Microchannel systems. 
The 16-byte FIFO with programmable thresholds is 
extremely useful in multi-master systems (Micro- 
Channel, EISA) or systems with large bus latency. 


The 82078 features: 
e 3.3V operation 


X[1:2] INTERNAL OSC. 


| iis 


e Small QFP package 
@ 2 Mbps data rate for tape drives 
e Register enhancements from the 82077SL 


Several pin changes accommodate the reduced pin 
count (from the 68 pin 82077SL) and the added fea- 
tures. Functional compatibility refers to software 
transparency between 82077SL/AA and the 82078. 
The 64 pin part will implement a superset of the fea- 
tures required to support all platforms, but is not pin 
to pin compatible to the 82077SL. 


The 82078SL is capable of operating at both 3.3V 
and 5.0V. The 82078-1 only operates at 5.0V but 
has an available 2 Mbps tape drive data rate. All 
other features are available on both parts. 


2 Mbps 
Data Rate 


—-— Sea aaa e e e Ireare eee eeee 


WRDATA 
SERIAL WE 


GENERATOR 


| 

| 

| 

| 

| 

| 

| 

| 

INTERFACE | 
LOGIC 

| 

| 

| 

WRITE CLK | 
| 

| 

| 

| 

| 

| 


INTERNAL BUS 


DATA RATE 
SELECTION 


PD POWER 


FLOPPY 
DISK 
DRIVE 
INTERFACE 


MANAGEMENT 
LOGIC 


IOLE 


ee ee ee 


290475-2 


Figure 1-1. 82078 Block Diagram 
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2.0 MICROPROCESSOR INTERFACE 


The interface consists of the standard asynchronous signals: RD#, WR#, CS#, AO-A2, INT, DMA control 
and a data bus. The address lines select between configuration registers, the FIFO and control/status regis- 
ters. This interface can be switched between PC AT, Model 30, or PS/2 normal modes. The PS/2 register sets 
are a superset of the registers found in a PC-AT. 


2.1 Status, Data and Control Registers 


As shown below, the base address range is supplied via the CS# pin. For PC-AT or PS/2 designs, the primary 
and secondary address ranges are 3F0 Hex to 3F7 Hex and 370 Hex to 377 Hex respectively. 


ae ens 
aw | StatusRevitorB 
pw | _OigtelOuputegister 
a 
eee tae 
meer Bare 


R/W i 

R/W 

R/W 

w 
Data (First In First Out) 
St a 
PR | Digital nput Register 


In the following sections, the various registers are shown in their powerdown state. The “UC” notation stands 
for a value that is returned without change from the active mode. The notation “*” means that the value is 
reflecting the required status (for powerdown). “n/a” means not applicable. ‘*X’”’ indicates that the value is 
undefined. 


2.1.1 STATUS REGISTER A (SRA, PS/2 MODE) 


This register is read-only and monitors the state of the interrupt pin and several disk interface pins. This 
register is part of the register set, and is not accessible in PC-AT mode. 


This register can be accessed during powerdown state without waking up the 82078 from its powerdown state. 
per Wie Se eee ee oe od 


7 See. 
Function INT DRV2# STEP | TRKO# HDSEL | INDX# | WP# 
PENDING | 


Tauioosite [0 | uc [o | 1 | |] 1 ]+1 lo 


The INT PENDING bit is used by software to monitor the state of the 82078 INTERRUPT pin. By definition, the 
INT PENDING bit is low in powerdown state. The bits reflecting the floppy disk drive input pins (TRKO, INDEX, 
and WP) are forced inactive. Floppy disk drive outputs (HDSEL, STEP, and DIR) also go to their inactive, 
default state. 


As a read-only register, there is no default value associated with a reset other than some drive bits will change 
with a reset. The INT PENDING, STEP, HDSEL, and DIR bits will be low after reset. 


2-157 


82078 64 PIN 


i] é 


2.1.2 STATUS ‘ar Ea A — MODEL 30 MODE) 


Pe ae 
rom fs ee [| | ee 
PENDING F/F 
ThiwnesetSato | 0 | 0 | 0 | tao] 1 | noe | we | 1 
Auto RBatate [ot Or 8 | 6 ee aa, 


This register has the following changes in PS/2 Model 30 Mode. Disk interface pins (Bits 0, 1, 2, 3, and 4) are 
inverted from PS/2 Mode. The DRQ bit monitors the status of the DMA Request pin. The STEP bit is latched 
with the Step output going active and is cleared with a read to the DIR register, Hardware or Software RESET. 


The DRQ bit is low by definition for 82078 to be in powerdown. The bits reflecting the floppy disk drive input 
pins (TRKO, INDEX, and WP) are forced to reflect an inactive state. The floppy disk drive outputs (HDSEL, 
STEP, and DIR) also go to their inactive, default state. 


2.1.3 STATUS REGISTER B (SRB, ENHANCED AT/EISA) 


In the AT/EISA mode the SRB is made available whenever the EREG EN bit in the auto powerdown command 
is set. The register functionality is defined as follows (bits 7 through 3 are reserved): 


PD and IDLE reflect the values on the corresponding pins. The signal on the IDLE pin can be masked by 
setting IDLEMSK bit high in this register. The IDLE bit will remain unaffected. Since some systems will use the 
IDLE pin to provide interrupt to the SMM power management, its disabling allows less external interrupt logic 
and reduction in board space. Only hardware reset will clear the IDLEMSK bit to zero. 


When the IDLEMSK bit is set, the user cannot distinguish between auto powerdown and DSR powerdown (i.e., 
‘by using the IDLE pin). 


IDLEMSK IDLE (pin) 
0 unmasked 
1 masked 


A= a a = 


pki: © [9 ees ET He SNe ee ae Oe | 


PHiwReset | n/a | wa | va | ma | wa | 0 | na | n/a 
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2.1.4 STATUS REGISTER B (SRB, PS/2 MODE) ' 
eo BR ed 8b 8 ee ee 

Function 1 1 DRIVE WRDATA RDDATA WE MOT MOT | : 
ee tl ee ee | ee 
pan Reset Staten [AS] t | abe ane” | kg 8 ee al oe 
pamekbeiae 6A | Se ee aa 


As the only drive input, RDATA TOGGLE’s activity reflects the level as seen on the cable. 


The two TOGGLE bits do not read back the state of their respective pins directly. Instead, the pins drive a 
Flip/Flop which produces a wider and more reliable read pulse. Bits 6 and 7 are undefined and always return 
toa. 


After any reset, the activity on the TOGGLE pin is cleared. Drive select and Motor bits cleared by the RESET 
pin and not software resets. 


2.1.5 STATUS REGISTER B (SRB, MODEL 30 MODE) 


Sm 1) et ee Te Ts ee 
F/F F/F F/F 

Tnwresstsiae | onver | 1 | 1 | 0 | o fo] 1+) 

Paworosite | uc | uc [uc | o | o [oe] vw | vu 


This register has the following changes in Model 30 Mode. Bits 0, 1, 5, and 6 return the decoded value of the 
Drive Select bits in the DOR register. Bits 2, 3, and 4 are set by their respective active going edges and are 
cleared by reading the DIR register. The WRDATA bit is triggered by raw WRDATA signals and is not gated by 
WE. Bits 2, 3, and 4 are cleared to low level by either Hardware or Software RESET. 


2a 
DS2# 


2.1.6 DIGITAL OUTPUT REGISTER (DOR) 
The Digital Output Register contains the drive select and motor enable bits, a reset bit and a DMA GATE # bit. 


Mel Ae eee eR ae ee ee roe 

ENS EN2 EN1 ENO GATE # SEL1 SEL2 
painters | 6 2) or ee ee 
Pautorosate | 0 | o | o |» | vo [+ | vc 


The MOT ENx bits directly control their respective motor enable pins (FDMEO-3). The DRIVE SELx bits are 
decoded to provide four drive select lines and only one may be active at a time. Standard programming 
practice is to set both MOT ENx and DRIVE SELx bits at the same time. 


Table 2-1 lists a set of DOR values to activate the drive select and motor enable for each drive. 
Table 2-1. Drive Activation Value 


0 1CH 
1 2DH 
2 4EH 
3 8FH 
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The DMAGATE # bit is enabled only in PC-AT and Model 30 Modes. If DMAGATE # is set low, the INT and 
DRQ outputs are tri-stated and the DACK# and TC inputs are disabled. DMAGATE # set high will enable INT, 
DRQ, TC, and DACK# to the system. In PS/2 Mode DMAGATE# has no effect upon INT, DRQ, TC, or 
DACK # pins, they are always active. 


The DOR reset bit and the Motor Enable bits have to be inactive when the 82078 is in powerdown. The 
DMAGATE # and DRIVE SEL bits are unchanged. During powerdown, writing to the DOR does not awaken the 
82078 with the exception of activating any of the motor enable bits. Setting the motor enable bits active (high) 
will wake up the part. 


This RESET # bit clears the basic core of the 82078 and the FIFO circuits when the LOCK bit is set to “0” (see 
Section 5.3.2 for LOCK bit definitions). Once set, it remains set until the user clears this bit. This bit is set by a 
chip reset and the 82078 is held in a reset state until the user clears this bit. The RESET # bit has no effect 
upon the register. 


2.1.7 TAPE DRIVE REGISTER (TDR AT/EISA, PS/2, MODEL 30) 


H/W Reset State 
Auto PD State 


(—) means these bits are not writable and remain tri-stated if read. 


This register allows the user to assign tape support to a particular drive during initialization. Any future refer- 
ences to that drive number automatically invokes tape support. Hardware reset clears this register; software 
resets have no effect. By default, the tape select bits are hardware RESET to zeros, making Drive 0 not 
available for tape support. 


2.1.8 ENHANCED TAPE DRIVE REGISTER (TDR, AT, PS/2, MODEL 30, EREG EN = 1) 


In the PS/2 and Model 30 mode and AT/EISA mode the extended TDR is made available only when the 
EREG EN bit is set, otherwise the bits are tri-stated. The register functionality is defined as follows: 


na SRST a Te 


AutoPD_ | uc | uc | uc | uc | uc | uc | uc | uc 


MEDID1, MEDIDO reflect the values on the respective pins. Similarly, the DRVIDO, DRVID1 reflect the values 
on the DRVID1 and DRVIDO pins. 


The TAPESEL1, TAPESELO functionality is retained as defined in the non-enhanced TDR, except that the 
application of boot drive restriction (boot drive cannot be a tape drive) depends on what drive selected is by 
the BOOTSEL1, BOOTSELO bits. 
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The BOOTSEL1, BOOTSELO are not reset by software resets and are decoded as shown below. These bits 
allow for reconfiguring the boot up drive and only reset by hardware reset. A drive can be enabled by remap- 
ping the internal DSO and MEO to one of the other drive select and motor enable lines (Refer to “Selectable 
Boot Drives” in the Design applications chapter). Once a non-default value for BOOTSEL1 and BOOTSELO is 
selected, all programmable bits are virtual designations of drives, i.e., it is the user’s responsibility to know the 
mapping scheme detailed in the following table. 


BOOTSEL1 BOOTSELO Mapping: 


DSO — FDSO, MEO —> FDMEO 
DS1 — FDS1, ME1 — FDME1 
DS2 — FDS2, ME2 — FDME2 


DSO — FDS1, MEO — FDME1 
1 DS1 — FDSO, ME1 —> FDMEO 
DS2 — FDS2, ME2 — FDME2 


! 


DSO — FDS2, MEO —> FDME2 
1 DS1 — FDS1, ME1 — FDME1 
DS2 — FDSO, ME2 — FDMEO 


2.1.9 DATARATE SELECT REGISTER (DSR) 


Pe. Bite od! SIN oe Chnemno eens 20cuis oa. Pe he ed wha 
Function S/W POWER | PDOSC PRE PRE PRE DRATE | DRATE 
RESET | DOWN COMP2 | COMP1 | COMPO SEL1 SELO 
Auto PD State S/W POWER | PDOSC PRE PRE PRE DRATE | DRATE 
RESET | DOWN COMP2 | COMP1 | COMPO SEL1 SELO 

This register ensures backward compatibility with the 82072 floppy controller and is write-only. Changing the 


data rate changes the timings of the drive control signals. To ensure that drive timings are not violated when 
changing data rates, choose a drive timing such that the fastest data rate will not violate the timing. 


The PDOSC bit is used to implement crystal oscillator power management. The internal oscillator in the 82078 
can be programmed to be either powered on or off via PDOSC. This capability is independent of the chip’s 
powerdown state. Auto powerdown mode and powerdown via POWERDOWN bit has no effect over the power 
state of the oscillator. 


In the default state the PDOSC bit is low and the oscillator is powered up. When this bit is programmed to a 
one, the oscillator is shut off. Hardware reset clears this bit to a zero. Neither of the software resets (via DOR 
or DSR) have any effect on this bit. Note, PDOSC should only be set high when the part is in the powerdown 
state, otherwise the part will not function correctly and must be hardware reset once the oscillator has turned 
back on and stabilized. Setting the PDOSC bit has no effect on the clock input to the 82078 (the X1 pin). The 
clock input is separately disabled when the part is powered down. The SAVE command checks the status of 
PDOSC, however, the RESTORE command will not restore the bit high. 


S/W RESET behaves the same as DOR RESET except that this reset is self cleaning. 
POWERDOWN bit implements direct powerdown. Setting this bit high will put the 82078 into the powerdown 
state regardless of the state of the part. The part is internally reset and then put into powerdown. No status is 


saved and any operation in progress is aborted. A hardware or software reset will exit the 82078 from this 
powerdown state. 
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PRECOMP 0-2 adjusts the WRDATA output to the disk to compensate for magnetic media phenomena known 
as bit shifting. The data patterns that are susceptible to bit shifting are well understood and the 82078 
compensates the data pattern as it is written to the disk. The amount of pre-compensation is dependent upon 
the drive and media, but in most cases the default value is acceptable. 


Table 2-2. Precompensation Delays 


PRECOMP Precompensation Delays 


x1 @ 48 MHz 
if CLK48 = 1, enabled only @ 2 Mbps 
if CLK48 = 0, enabled at all data rates 


0.00 ns—disabled 


The 82078 starts pre-compensating the data pattern starting on Track 0. The CONFIGURE command can 
change the track that pre-compensating starts on. Table 2-2 lists the pre-compensation values that can be 
selected and Table 2-3 lists the default pre-compensation values. The default value is selected if the three bits 
are zeroes. 


] 


DRATE 0-1 select one of the four data rates as listed in Table 2-4. The default value is 250 Kbps after a 
“Hardware” reset. Other “Software” Resets do not affect the DRATE or PRECOMP bits. 


Table 2-4. Data Rates 


DRATESEL1 DRATESELO DATA RATE 
eee 500 Kbps 


300 Kbps 
250 Kbps 
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2.1.10 MAIN STATUS REGISTER (MSR) 


i SOMO on [ew 8 rath AB ec ata gs ed Se EE OT Sas ile Ata BAe 
Function Facade NON | CMD | pDRV3 | DRV2 | DRV1 | DRVO 
pbMA | psy | sBusy | Busy | Busy | BUSY 
Cawaasisme [op x px |x tx >. px |x 
Autor Giste or sd PO | vet ae Oboe Oa, 


The Main Status Register is a read-only register and is used for controlling command input and result output 
for all commands. : 


RQM—tIndicates that the host can transfer data if set to 1. No access is permitted if set to a 0. 


DlO—Indicates the direction of a data transfer once RQM is set. A 1 indicates a read and a 0 indicates a write 
is required. 


NON-DMA—This mode is selected in the SPECIFY command and will be set to a 1 during the execution phase 
of a command. This is for polled data transfers and es differentiate between the data transfers and the 


reading of result bytes. : 


COMMAND BUSY—This bit is set to a one when a command is in progress. This bit goes active after the 
command byte has been accepted and goes inactive at the end of the results phase. If there is no result phase 
(SEEK, RECALIBRATE commands), this bit returns to a 0. 


DRV x BUSY—These bits are set to ones when a drive is in the seek portion of a command, including seeks 
and recalibrates. 


Some example values of the MSR are: 

e MSR = 80H; The controller is ready to receive a command. 

e MSR = 90H; executing a command or waiting for the host to read status bytes (assume DMA mode). 
e MSR = DOH; waiting for the host to write status bytes. 


2.1.11 FIFO (DATA) 


All command parameter information and disk data transfers go through the FIFO. The FIFO is 16 bytes in size 
and has programmable threshold values. Data transfers are governed by the RQM and DIO bits in the Main 
Status Register. 


The FIFO defaults to an 8272A compatible mode after a ‘“‘Hardware”’ reset (Reset via pin 32). “Software” 
Resets (Reset via DOR or DSR register) can also place the 82078 into 8272A compatible mode if the LOCK bit 
is set to “0” (See the definition of the LOCK bit), maintaining PC-AT hardware compatibility. The default values 
can be changed through the CONFIGURE command (enable full FIFO operation with threshold control). The 
advantage of the FIFO is that it allows the system a larger DMA latency without causing a disk error. Table 2-5 
gives several examples of the delays with a FIFO. The data is based upon the following formula: 


Threshold# x 1/DATA RATE xX 8- 1.5 ws = DELAY 


FIFO Threshold; Maximum Delay to Servicing 
Examples at 500 Kbps Data Rate 


1 byte 1 xX 16 ys — 1.5 ws = 14.5 ws 


Table 2-5. FIFO Threshold Examples 


FIFO Threshold | Maximum Delay to Servicing 
Examples at 1 Mbps Data Rate 


1 byte 1X 6yns— 15 ys = 6.5 ps 


2 bytes 2x 8ys— 1.5 ps = 14.5 us 2 bytes 2X 16 us — 1.5 ps = 390.5 ps 
8 bytes 8.X 6us — 1.5 us = 62.5 ps 8 bytes SX 16 ps — 15s 
15 bytes 16 X Gus —:1.45ps = 118.5.us 15 bytes 15 X 16 us — 1.5.8 
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At the start of a command, the FIFO action is always disabled and command parameters must be sent based 
upon the RQM and DIO bit settings. As the 82078 enters the command execution phase, it clears the FIFO of 
any data to ensure that invalid data is not transferred. An overrun or underrun will terminate the current 
command and the transfer of data. Disk writes will complete the current sector by generating a 00 pattern and 
valid CRC. 


2.1.12 DIGITAL INPUT REGISTER (DIR, PC-AT MODE) 


This register is read only in all modes. In PC-AT mode only bit 7 is driven, all other bits remain tri-stated. 


H/2 Reset State 


Auto PD State 


(—) means these bits are tri-stated when read. 


DSKCHG monitors the pin of the same name and reflects the opposite value seen on the disk cable. The 
DSKCHG bit is forced inactive along with all the inputs from the floppy disk drive. All the other bits remain 
tri-stated. 


2.1.13 DIGITAL INPUT REGISTER (DIR, PS/2 MODE) 
DRATE 
SELO 


cai. ea 
DRATE HIGH 
SEL1 DENS # 


uC 


(*) These bits are only available when PS2 STAT = 1: Bits 5 and 6 show the status of PD (powerdown) and IDLE respec- 
tively. Bit 4 shows the status of IDLEMSK, this bit disables the IDLE pin when active. 


Bit 3 returns a value of 1”, and the DRATE SEL1-0 return the value of the current data rate selected (see Table 2-4 for 
values). 


HIGHDENS# is low whenever the 500 Kbps or 1 Mbps data rates are selected. It is high when either 
250 Kbps, 300 Kbps, or 2 Mbps is selected. 


The DSKCHG bit is forced inactive along with all the inputs from the floppy disk drive. All the other bits (as 
applicable) remain unchanged. 


The Drive Specification Command modifies the DRATE SEL bits. Refer to Table 6-2 for a description. 


2.1.14 DIGITAL INPUT REGISTER (DIR, MODEL 30 MODE) 

iio fo tee) oe ae a 
Function DSK IDLE IDLEMSK DMA NOPREC DRATE DRATE 

es tee | et leet. mee Came 

THiwResetSiate | Wa | 0 [o| o | o | 0 | 1 | 0 


(*) These bits are only available when PS2 STAT = 1: Bits 5 and 6 show the status of PD (powerdown) and IDLE respec- 
tively. Bit 4 shows the status of IDLEMSK, this bit disables the IDLE pin when active. Bit 7 (DSKCHG) is inverted in Model 30 
Mode. 
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The DSKCHG # bit is forced inactive along with all the inputs from the floppy disk drive. All the other bits (as 
applicable) remain unchanged. 


The Drive Specification Command modifies the DRATE SEL bits. Refer to Table 6-2 for information regarding 
the mapping of these bits. 


Bit 3 reflects the value of DMAGATE # bit set in the DOR register. 


Bit 2 reflects the value of NOPREC bit set in the CCR register. 


2.1.15 CONFIGURATION CONTROL REGISTER (CCR, PC AT and PS/2 MODES) 


This register sets the datarate and is write only. 
ier? Elie ss aR 


io ae ek UE eee Ee ee 
DRATE | DRATE 

aa abr ees 

|_H/WRestate State | — | es ten: eee ts 

nz ihev oy DRATE DRATE 


Auto PD State 
SEL1 SELO 


(*) This bit is enabled only when PS2 STAT = 1 (Powerdown Mode). Refer to the table in the Data Rate Select Register for 
values. Unused bits should be set to 0. IDLEMSK is not available in the CCR for PC AT mode. In PC AT, IDLEMSK is 
available in the SRB. 


2.1.16 CONFIGURATION CONTROL REGISTER (CCR, MODEL 30 MODE) 


pes aeay patie Hg 
en ee ee 

SEL1 SELO 
TaWwhesstsiae | — | — | — Sapte bor 4 eo 
| AworDsiate | — | - | ~ | eae ae 


(*) This bit is enabled only when PS2 STAT = 1 (Powerdown Mode). NOPREC has no function, and is reset to “0” with a 
Hardware RESET only. 
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2.2 Reset 


There are three sources of reset on the 82078; the 
RESET pin, a reset generated via a bit in the DOR 
and a reset generated via a bit in the DSR. All resets 
take the 82078 out of the powerdown state. 


In entering the reset state, all operations are termi- 
nated and the 82078 enters an idle state. Activating 
reset while a disk write activity is in progress will 
corrupt the data and CRC. 


On exiting the reset state, various internal registers 
are cleared, and the 82078 waits for a new com- 
mand. Drive polling will start unless disabled by a 
new CONFIGURE command. 


2.2.1 RESET PIN (“HARDWARE”) RESET 


The RESET pin is a global reset and clears all regis- 
ters except those programmed by the SPECIFY 
command. The DOR Reset bit is enabled and must 
be cleared by the host to exit the reset state. 


2.2.2 DOR RESET vs DSR RESET 
(“SOFTWARE” RESET) 


These two resets are functionally the same. The 
DSR Reset is included to maintain 82072 compatibil- 
ity. Both will reset the 82072 core which affects drive 
status information. The FIFO circuits will also be re- 
set if the LOCK bit is a “O” (see definition of the 
LOCK bit). The DSR Reset clears itself automatically 
while the DOR Reset requires the host to manually 
clear it. DOR Reset has precedence over the DSR 
Reset. The DOR Reset is set automatically upon a 
pin RESET. The user must manually clear this reset 
bit in the DOR to exit the reset state. 


The t30a specification in the A.C. Specifications 
gives the minimum amount of time that the DOR re- 
set must be held active. This amount of time that the 
DOR reset must be held active is dependent upon 
the data rate. The 82078 requires that the DOR re- 
set bit must be held active for at least 0.5 us at 250 
Kbps. This is less than a typical ISA I/O cycle time. 
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DMA transfers are enabled with the SPECIFY com- 
mand and are initiated by the 82078 by activating 
the DRQ pin during a data transfer command. The 
FIFO is enabled directly by asserting DACK# and 
addresses need not be valid (CS# can be held inac- 
tive during DMA transfers). 


3.0 DRIVE INTERFACE 


The 82078 has integrated all of the logic needed to 
interface to a floppy disk or a tape drive which use 
floppy interface. All drive outputs have 24 mA drive 
capability and all inputs use a receive buffer with 
hysteresis. The internal analog data separator re- 
quires no external components, yet allows for an ex- 
tremely wide capture range with high levels of read- 
data jitter, and ISV. The designer needs only to run 
the 82078 disk drive signals to the disk or tape drive 
connector. 


3.1 Cable Interface 


Generally, 5.25” drive uses open collector drivers 
and 3.5” drives (as used on PS/2) use totem-pole 
drivers. The output buffers on the 82078 do not 
change between open collector or totem-pole, they 
are always totem-pole. 


DRVDENO and DRVDEN1 connect to pins 2 and 6 
or 33 (on most disk drives) to select the data rate 
sent from the drive to the 82078. The polarity of 
DRVDENO and DRVDEN1 can be programmed 
through the Drive Specification command (see the 
command description for more information). 


When the 82078SL is operating at 3.3V, the floppy 
drive interface can be configured to either 5.0V or 
3.3V, via the Vocr (pin 41). The drive interface fol- 
lows the voltage level on Vccr. A selectable drive 
interface allows the system designer the greatest 
flexibility wnen designing a low voltage system. 
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3.2 Data Separator 


The function of the data separator is to lock onto the 
incoming serial read data. When lock is achieved, 
the serial front end logic of the chip is provided with 
a Clock which is synchronized to the read data. The 
synchronized clock, called Data Window, is used to 
internally sample the serial data. One state of Data 
Window is used to sample the data portion of the bit 
cell, and the alternate state samples the clock por- 
tion. Serial to parallel conversion logic separates the 
read data into clock and data bytes. 


To support reliable disk reads the data separator 
must track fluctuations in the read data frequency. 


REFERENCE 
OSCILLATOR 


REFERENCE 
PHASE LOCK LOOP 
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Frequency errors primarily arise from two sources: 
motor rotation speed variation and instantaneous 
speed variation (ISV). A second condition, and one 
that opposes the ability to track frequency shifts is 
the response to bit jitter. 


The internal data separator consists of two analog 
phase lock loops (PLLs) as shown in Figure 3-1. The 
two PLLs are referred to as the reference PLL and 
the data PLL. The reference PLL (the master PLL) is 
used to bias the data PLL (the slave PLL). The refer- 
ence PLL adjusts the data PLL’s operating point as a 
function of process, junction temperature and supply 
voltage. Using this architecture it was possible to 
eliminate the need for external trim components. 


ANALOG TRIM DATA 


SYNC. DET. 


TAPE/DISK 


DATA SYNC DETECT 


DELAYED 
DATA 
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Figure 3-1. Data Separator Block Diagram 
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Figure 3-2. Data PLL 
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Figure 3-2 shows the data PLL. The reference PLL 
has contro! over the loop gain by its influence on the 
charge pump and the VCO. In addition the reference 
PLL controls the loop filter time constant. As a result 
the closed loop transfer function of the data PLL is 
controlled, and immune to the first order, to environ- 
mental factors and process variation. 


Systems with analog PLLs are often very sensitive to 
noise. In the design of this data separator many 
steps were taken to avoid noise sensitivity problems. 
The analog section of the chip has a separate VSS 
pin (AVSS) which should be connected externally to 
a noise free ground. This provides a clean basis for 
VSS referenced signals. In addition many analog cir- 
cuit features were employed to make the overall sys- 
tem as insensitive to noise as possible. 


3.2.1 JITTER TOLERANCE 


The jitter immunity of the system is dominated by the 
data PLL’s response to phase impulses. This is mea- 
sured as a percentage of the theoretical data win- 
dow by dividing the maximum readable bit shift by a 
WY, bit cell distance. For instance, if the maximum 
allowable bit shift is 300 ns for a 500 Kbps data 
stream, the jitter tolerance is 60%. 


3.2.2 LOCKTIME (tLOCK) 


The lock, or settling time of the data PLL is designed 
to be 64 bit times (8 sync bytes). The value assumes 
that the sync field jitter is 5% the bit cell or less. This 
level of jitter is realistic for a constant bit pattern. 
Intersymbol interference should be equal, thus near- 
ly eliminating random bit shifting. 


WRDATA 


24 MHz 


PRECOMP 
SELECTION FROM 


3.2.3 CAPTURE RANGE 


Capture Range is the maximum frequency range 
over which the data separator will acquire phase 
lock with the incoming RDDATA signal. In a floppy 
disk environment, this frequency variation is com- 
posed of two components: drive motor speed error 
and ISV. Frequency is a factor which may determine 
the maximum level of the ISV (Instantaneous Speed 
Variation) component. In general, as frequency in- 
creases the allowed magnitude of the ISV compo- 
nent will decrease. When determining the capture 
range requirements, the designer should take the 
maximum amount of frequency error for the disk 
drive and double it to account for media switching 
between drives. 


3.3 Write Precompensation 


The write precompensation logic is used to minimize 
bit shifts in the RDDATA stream from the disk drive. 
The shifting of bits is a known phenomena of mag- 
netic media and is dependent upon the disk media 
AND the floppy drive. 


The 82078 monitors the bit stream that is being sent 
to the drive. The data patterns that require precom- 
pensation are well known. Depending upon the pat- 
tern, the bit is shifted either early or late (or not at all) 
relative to the surrounding bits. Figure 3-3 is a block 
diagram of the internal circuit. 


The top block is a 13-bit shift register with the no 
delay tap being in the center. This allows 6 levels of 
early and late shifting with respect to nominal. The 
shift register is clocked at the main clock rate 
(24 MHz). The output is fed into 2 multiplexors one 
for early and one for late. A final stage of multiple- 
xors combines the early, late and normal data 
stream back into one which is the WRDATA output. 


SHIFT REGISTER 
2 
EARLY MULTIPLEXOR a 
DSR eS 
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Figure 3-3. Precompensation Block Diagram 
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4.0 POWER MANAGEMENT 
FEATURES 


The 82078 contains power management features 
that makes it ideal for design of portable personal 
computers. In addition to all of the power manage- 
ment features the 82078SL also operates at 3.3V. 
These features can be classified into power man- 
agement of the part and that of the internal oscilla- 
tor. The powerdown of the part is done independent- 
ly of the internal oscillator in the 82078. 


4.1 Power Management Scheme 


The 82078 supports two powerdown modes, direct 
powerdown and automatic powerdown. Direct pow- 
erdown refers to direct action by the software to 


powerdown without dependence on external factors. | 


Automatic powerdown results from 82078’s monitor- 
ing of the current conditions according to a previous- 
ly programmed mode. Any hardware reset disables 
the automatic POWERDOWN command, however, 
software resets have no effect on the command. 
The 82078 also supports powerdown of its internal 
crystal oscillator independent of the powerdown 
modes described above. By setting bit 5 (PDOSC) in 
the DSR register, the internal oscillator is turned off. 
This bit.has sole control of the oscillator powerdown, 
allowing the internal clock to be turned off when an 
external oscillator is used. 


4.2 3.3V Support for Portable 
Platforms 


The portable market share of the personal comput- 
ing market has increased significantly. To improve 
power conservation on portable platforms, designs 
are migrating from 5.0V to 3.3V. Intel’s 82078SL al- 
lows designers to incorporate 3.3V floppy disk con- 
troller support in their systems. The 82078SL has a 


82078 64 PIN 


SEL3V # pin to allow selection of either 5.0V or 3.3V 
operation. In order to support the slower migration of 
floppy drives to 3.3V and allow system vendors to 
use standard 5.0V floppy drive inventory, the 
82078SL accommodates a 5.0V tolerant floppy drive 
interface. This is achieved by changing the floppy 
drive’s interface power supply, VCCF between 5.0V 
and 3.3V supplies. The 82078SL’s 3.3V D.C. specifi- 
cation conforms to the JEDEC standard that de- 
scribes the operating voltage levels for Integrated 
Circuits operating at 3.3V +0.3V. The 82077SL also 
maintains compatibility to 5.0V A.C. specifications. 


4.3 Oscillator Power Management 


The 82078 supports a built-in crystal oscillator that 
can be programmed to be either powered down or 
active, independent of the power state of the chip. 
This capability is implemented by the PDOSC bit in 
the DSR. When PDOSC is set low, the internal oscil- 
lator is on, it is off when the bit is high. Note, a DSR 
powerdown does not turn off the oscillator. 


When the external oscillator is used, power can be 
saved by turning off the internal oscillator. If the in- 
ternal oscillator is used, the oscillator may be pow- 
ered up (even when the rest of the chip is powered 
off) allowing the chip to wake up quickly and in a 
stable state. It is recommended to keep the internal 
oscillator on even when in the powerdown state. 
The main reason for this is that the recovery time of 
the oscillator during wake up may take tens of milli- 
seconds under the worst case, which may create 
problems with any sensitive application software. In 
a typical application the internal oscillator should be 
on unless the system goes into a power saving or 
standby mode (such a mode request would be made 
by a system time out or by a user). In this case, the 
system software would take over and must turn on 
the oscillator sufficiently ahead of awakening the 
part. 
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In the case of the external oscillators, the power up 
characteristics are similar. If the external source re- 
mains active during the time the 82078 is powered 
down, then the recovery time effect is minimized. 
The PD pin can be used to turn off the external 
source. While the PD pin is active, the 82078 does 
not require a clock source. However, when the PD 
pin is inactive, the clocking source, once it starts 
oscillating, must be completely stable to ensure that 
the 82078 operates properly. 


4.4 Part Power Management 


This section deals with the power management of 
the rest of the chip excluding the oscillator. This sec- 
tion explains powerdown modes and wake up 
modes. 


4.4.1 DIRECT POWERDOWN 


Direct powerdown is conducted via the POWER- 
DOWN bit in the DSR register (bit 6). Programming 
this bit high will powerdown 82078. All status is lost 
if this type of powerdown mode is used. The part can 
exit powerdown from this mode via any hardware or 
software reset. This type of powerdown overrides 
the automatic powerdown. When the part is in auto- 
matic powerdown and the DSR powerdown is is- 
sued, the previous status of the part is lost and the 
82078 resets to its default values. 


4.4.2 AUTO POWERDOWN 


Automatic powerdown is conducted via a ‘‘Power- 
down Mode” command. There are four conditions 
required before the part will enter powerdown. All 
these conditions must be true for the part to initiate 
the powerdown sequence. These conditions follow: 


1. The motor enable pins FDME[0:3] must be inac- 
tive. 


2. The part must be idle; this is indicated by MSR = 
80H and INT = O (INT may be high even if 
MSR = 80H due to polling interrupt). 


3. The head unload timer (HUT, explained in the 
SPECIFY command) :aust have expired. 


4. The auto powerdown timer must have timed out. 


The command can be used to enable powerdown by 
setting the AUTO PD bit in the command to high. 
-The command also provides a capability of program- 
ming a minimum power up time via the MIN DLY bit 
in the command. The minimum power up time refers 
to a minimum amount of time the part will remain 
powered up after being awakened or reset. An inter- 
nal timer is initiated as soon as the auto powerdown 
command is enabled. The part is then powered 
down provided all the remaining conditions are met. 
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Any software reset will reinitialize the timer. Chang- 
ing of data rate extends the auto powerdown timer 
by up to 10 ms, but only if the data rate is changed 
during the countdown. 


Disabling the auto powerdown mode cancels the 
timers and holds the 82078 out of auto powerdown. 


The IDLE pin can be masked via the IDLEMSK bit in 
Status Register B (Enhanced AT/EISA). When in 
PS/2 mode, the PS/2 STAT bit in the Powerdown 
Command can be set to enable PD and IDLE bits in 
the DIR register (bits 5 and 6) and IDLEMSK (bit 4) 
can be enabled. 


4.4.3 WAKE UP MODES _ 


This section describes the conditions for awakening 
the part from both direct and automatic powerdown. 
Power conservation or extension of battery life is the 
main reason power management is required. This 
means that the 82078 must be kept in powerdown 
state as long as possible and should be powered up 
as late as possible without compromising software 
transparency. 


To keep the part in powerdown mode as late as pos- 
sible implies that the part should wake up as fast as 
possible. However, some amount of time is required 
for the part to exit powerdown state and prepare the 
internal microcontroller to accept commands. Appli- 
cation software is very sensitive to such a delay and 
in order to maintain software transparency, the re- 
covery time of the wake up process must be careful- 
ly controlled by the system software. 


4.4.3.1 Wake Up from DSR Powerdown 


lf the 82078 enters the powerdown through the DSR 
powerdown bit, it must be reset to exit. Any form of 
software or hardware reset will serve, although DSR 
is recommended. No other register access will 
awaken the part, including writing to the DOR’s mo- 
tor enable (FDME[0:3]) bits. 


lf DSR powerdown is used when the part is in auto 
powerdown, the DSR powerdown will override the 
auto powerdown. However, when the part is awak- 
ened by a software reset, the auto powerdown com- 
mand (including the minimum delay timer) will once 
again become effective as previously programmed. 
lf the part is awakened via a hardware reset, the 
auto powerdown is disabled. 


After reset, the part will go through a normal se- 
quence. The drive status will be initialized. The FIFO 
mode will be set to default mode on a hardware re- 
set or on a software reset if the LOCK command has 
not blocked it. Finally, after a delay, the polling inter- 
rupt will be issued. 
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4.4.3.2 Wake Up from Auto Powerdown 


If the part enters the powerdown state through the 
auto powerdown mode, then the part can be awak- 
ened by reset or by appropriate access to certain 
registers. 


lf a hardware or software reset is used then the part 
will go through the normal reset sequence. If the 
access is through the selected registers, then the 
82078 resumes operation as though it was never in 
powerdown. Besides activating the RESET pin or 
one of the software reset bits in the DOR or DSR, 
the following register accesses will wake up the part: 


1. Enabling any one of the motor enable bits in the 
DOR register (reading the DOR does not awaken 
the part). 


2. A read from the MSR register. 
3. A read or write to the FIFO register. 
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Any of these actions will wake up the part. Once 
awake, 82078 will reinitiate the auto powerdown tim- 
er for 10 ms or 0.5 sec. (depending on the MIN DLY 
bit the auto powerdown command). When operating 
at 2 Mbps, the time is halved to 5 ms or 0.25 sec. 
depending on the MIN DLY bit. The part will power- 
down again when all the auto powerdown conditions 
are Satisfied. 


4.5 Register Behavior 


The register descriptions and their values in the 
powerdown state are listed in the Microprocessor 
Interface section. Table 4-1 reiterates the AT and 
PS/2 (including model 30) configuration registers 
available. It also shows the type of access permit- 
ted. In order to maintain software transparency, ac- 
cess to all the registers must be maintained. As Ta- 
ble 4-1 shows, two sets of registers are distin- 
guished based on whether their access results in the 
part remaining in powerdown state or exiting it. 


Table 4-1. 82078 Register Behavior 


__ Available Registers 


Address 


PS/2 
POAT (Model 30) 


Permitted 


Access to these registers DOES NOT wake up the part 


SRB (EREG EN = 1) 


DSR* 


*Writing to the DOR or DSR does not wake up the part, however, writing any of the motor enable bits or doing a software 


reset (either via DOR or DSR reset bits) will wake up the part. 


2-171 


82078 64 PIN 


Access to all other registers is possible without 
awakening the part. These registers can be ac- 
cessed during powerdown without changing the 
status of the part. A read from these registers will 
reflect the true status as shown in the register de- 
scription in Section 2.1. A write to the part will result 
in the part retaining the data and subsequently re- 
flecting it when the part awakens. Accessing the 
part during powerdown may cause an increase in 
the power consumption by the part. The part will re- 
vert back to its low power mode when the access 
has been completed. None of the extended registers 
effect the behavior of the powerdown mode. 


4.6 Pin Behavior 


The 82078 is specifically designed for the portable 
PC systems in which the power conservation is a 
primary concern. This makes the behavior of the 
pins during powerdown very important. 
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The pins of 82078 can be divided into two major 
categories; system interface and floppy disk drive 
interface. The floppy disk drive pins are disabled 
such that no power will be drawn through the 82078 
as a result of any voltage applied to the pin within 
the 82078’s power supply range. The floppy disk 
drive interface pins are configurable by the FDI TRI 
bit in the auto powerdown command. When the bit is 
set the output pins of the floppy disk drive retain 
their original state. All other pins are either disabled 
or unchanged as depicted in Table 4-4. Most of the 
system interface pins are left active to monitor sys- 
tem accesses that may wake up the part. 


4.6.1 SYSTEM INTERFACE PINS 


Table 4-2 gives the state of the system interface 
pins in the powerdown state. Pins unaffected by 
powerdown are labeled ‘UC’. Input pins are 
“DISABLED” to prevent them from causing currents 
internal to the 82078 when they have indeterminate 
input values. 


Table 4-2. System Interface Pins 


IDENTn 
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State In Powerdown System Pins State In Powerdown 


Ea PL aU UC Low 
DACK # Disabled 


Disabled 
Programmable 


High (Auto PD) 
Low — dha 


. 
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Two pins which can be used to indicate the status of 
the part are IDLE and PD. Table 4-3 shows how 
these.pins reflect the 82078 status. 


Table 4-3. 82078 Status Pins 
IDLE 


(PD | IDLE | MSR 


x5: 


MSR[6:0] = X 
po} 1 
The IDLE pin indicates when the part is idle state 
and can be powered down. It is a combination of 
MSR equalling 80H, the head being unloaded and 


the INT pin being low. As shown in the table the 
IDLE pin will be low when the part is in DSR power- 
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down state. The PD pin is active whenever the part 
is in the powerdown state. It is active for either mode 
of powerdown. The PD pin can be used to turn off an 
external oscillator of other floppy disk drive interface 
hardware. 


4.6.2 FDD INTERFACE PINS 


The FDD interface “input” pins during powerdown 
are disabled or unchanged as shown in Table 4-4. 
The floppy disk drive “output” pins are programma- 
ble by the FDI TRI bit in the auto powerdown com- 
mand. Setting of the FDI TRI bit in the auto power- 
down command results in the interface retaining its 
normal state. When this bit is low (default state) all 
output pins in the FDD interface to the floppy disk 
drive itself are tri-stated. Pins used for local logic 
control or part programming are unaffected. Table 
4-4 depicts the state of the floppy disk interface pins 
in the powerdown state (FDI TRI is low). 


Table 4-4. 82078 FDD Interface Pins 


State In 
Powerdown 


FDD Pins 


Input Pins 


RDDATA 


Disabled ~ 
Disabled 
Disabled 
Disabled 
Disabled 
Disabled 


WP 
mantentl 
aaa 


FDME[0:3] # 
FDS[0:3] # 
DIR # 
STEP# 
WRDATA# 


W 


HDSEL # 
DRVDEN[0:1] # 


State in 
Powerdown 


FDD Pins 


Output Pins 
(FDI TRI = 0) 


Tristated - 
Tristated 
Tristated 
Tristated 
Tristated 
Tristated 
Tristated 
Tristated 


+ 


E 
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5.0 CONTROLLER PHASES 


For simplicity, command handling in the 82078 can 
be divided into three phases: Command, Execution 
and Result. Each phase is described in the following 
sections. 


When there is no command in progress, the 82078 
can be in idle, drive polling or powerdown state. 


5.1 Command Phase 


After a reset, the 82078 enters the command phase 
and is ready to accept a command from the host. 
For each of the commands, a defined set of com- 
mand code bytes and parameter bytes has to be 
written to the 82078 before the command phase is 
complete (Please refer to Section 6.0 for the com- 
mand descriptions). These bytes of data must be 
transferred in the order prescribed. 


Before writing to the 82078, the host must examine 
the RQM and DIO bits of the Main Status Register. 
RQM, DIO must be equal to “1” and ‘‘0” respective- 
ly before command bytes may be written. RQM is 
set false by the 82078 after each write cycle until the 
received byte is processed. The 82078 asserts RQM 
again to request each parameter byte of the com- 
mand, unless an illegal command condition is de- 
tected. After the last parameter byte is received, 
RQM remains “0’’, and the 82078 automatically en- 
ters the next phase as defined by the command defi- 
nition. 


The FIFO is-disabled during the command phase to 
retain compatibility with the 8272A, and to provide 
for the proper handling of the “Invalid Command” 
condition. 


5.2 Execution Phase 


All data transfers to or from the 82078 occur during 
the execution phase, which can proceed in DMA or 
non-DMA mode as indicated in the SPECIFY com- 
mand. 


Each data byte is transferred by an INT or DRQ de- 
pending on the DMA mode. The CONFIGURE com- 
mand can enable the FIFO and set the FIFO thresh- 
old value. 


The following paragraphs detail the operation of the 
FIFO flow control. In these descriptions, (threshold) 
is defined as the number of bytes available to the 
82078 when service is requested from the host, and 
ranges from 1 to 16. The parameter FIFOTHR which 
the user programs is one less, and ranges from 0 to 
15, 


2-174 


: 

intel ° 
A low threshold value (i.e., 2) results in longer peri- 
ods of time between service requests, but requires 
faster servicing of the request, for both read and 
write cases. The host reads (writes) from (to) the 
FIFO until empty (full), then the transfer request 
goes inactive. The host must be very responsive to 


the service request. This is the desired case for use 
with a ‘‘fast” system. 


A high value of threshold (i.e., 12) is used with a 
‘‘sluggish’” system by affording a long latency period 
after a service request, but results in more frequent 
service requests. 


5.2.1 NON-DMA MODE, TRANSFERS FROM 
THE FIFO TO THE HOST 


The INT pin and RQM bits in the Main Status Regis- 
ter are activated when the FIFO contains 16 (or set 
threshold) bytes, or the last bytes of a full sector 
transfer have been placed in the FIFO. The INT pin 
can be used for interrupt driven systems and RQM 
can be used for polled sytems. The host must re- 
spond to the request by reading data from the FIFO. 
This process is repeated until the last byte is trans- 
ferred out of the FIFO, then 82078 deactivates the 
INT pin and RQM bit. 


5.2.2 NON-DMA MODE, TRANSFERS FROM 
THE HOST TO THE FIFO 


The INT pin and RQM bit in the Main Status Register 
are activated upon entering the execution phase of 
data transfer commands. The host must respond to 
the request by writing data into the FIFO. The INT 
pin and RQM bit remain true until the FIFO becomes 
full. They are set true again when the FIFO has 
(threshold) bytes remaining in the FIFO. The INT pin 
will also be deactivated if TC and DACK# both go 
inactive. The 82078 enters the result phase after the 
last byte is taken by the 82078 from the FIFO (i.e., 
FIFO empty condition). 


5.2.3 DMA MODE, TRANSFERS FROM THE 
FIFO TO THE HOST 


The 82078 activates the DRQ pin when the FIFO 
contains 16 (or set threshold) bytes, or the last byte 
of a full sector transfer has been placed in the FIFO. 
The DMA controller must respond to the request by 
reading data from the FIFO. The 82078 will deacti- 
vate the DRQ pin when the FIFO becomes empty. 
DRQ goes inactive after DACK # goes active for the 
last byte of a data transfer (or on the active edge of 
RD#, on the last byte, if no edge is present on 
DACK#). Note that DACK# and TC must overlap 
for at least 50 ns for proper functionality. 


i 
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5.2.4 DMA MODE, TRANSFERS FROM THE 
HOST TO THE FIFO 


The 82078 activates the DRQ pin when entering the 
execution phase of the data transfer commands. 
The DMA controller must respond by activating the 
DACK# and WR# pins and placing data in the 
FIFO. DRQ remains active until the FIFO becomes 
full. DRQ is again set true when the FIFO has 
(threshold) bytes remaining in the FIFO. The 82078 
will also deactivate the DRQ pin when TC becomes 
true (qualified by DACK# by overlapping by 50 ns), 
indicating that no more data is required. DRQ goes 
inactive after DACK # goes active for the last byte of 
a data transfer (or on the active edge of WR# of the 
last byte, if no edge is present on DACK #). 


5.2.5 DATA TRANSFER TERMINATION 


The 82078 supports terminal count explicitly through 
the TC pin and implicitly through the underrun/over- 
run and end-of-track (EOT) functions. For full sector 
transfers, the EOT parameter can define the last 
sector to be transferred in a single or multisector 
transfer. If the last sector to be transferred is a par- 
tial sector, the host can stop transferring the data in 
mid-sector, and the 82078 will continue to complete 
the sector as if a hardware TC was received. The 
only difference between these implicit functions and 
TC is that they return “abnormal termination’ result 
status. Such status indications can be ignored if they 
were expected. 
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Note that when the host is sending data to the FIFO 
of the 82078, the internal sector count will be com- 
plete when 82078 reads the last byte from its side of 
the FIFO. There may be a delay in the removal of 
the transfer request signal of up to the time taken for 
the 82078 to read the last 16 bytes from the FIFO. 
The host must tolerate this delay. 


5.3 Result Phase 


The generation of INT determines the beginning of 
the result phase. For each of the commands, a de- 
fined set of result bytes has to be read from the 
82078 before the result phase is complete. (Refer to 
Section 6.0 on command descriptions.) These bytes 
of data must be read out for another command to 
start. 


RQM and DIO must both equal “1” before the result 
bytes may be read from the FIFO. After all the result 
bytes have been read, the RQM and DIO bits switch 
to “1” and “0” respectively, and the CB bit is 
cleared. This indicates that the 82078 is ready to 
accept the next command. 


6.0 COMMAND SET/DESCRIPTIONS 


Commands can be written whenever the 82078 is in 
the command phase. Each command has a unique 
set of needed parameters and status results. The 
82078 checks to see that the first byte is a valid 
command and, if valid, proceeds with the command. 
If it was invalid, the next time the RQM bit in the 
MSR register is a “1” the DIO and CB bits will also 
be ‘1’, indicating the FIFO must be read. A result 
byte of 80H will be read out of the FIFO, indicating 
an invalid command was issued. After reading the 
result byte from the FIFO the 82078 will return to the 
command phase. Table 6-1 is a summary of the 
Command set. 
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Table 6-1. 82078 Command Set 


Phase R/W lees Remarks 
D7 Dg Ds D4 D3 D2 D, Do 


READ DATA 


1 1 Command Codes 
HDS DS1 


Command 


Sector ID Information prior 
to Command Execution 


==2=222222=22 


Execution Data Transfer between the 
FDD and System 


Result SERN. Aaa aw ee ee aia ek ee Status Information after 
Command Execution 


Sector ID Information after 
Command Execution 


Command 
HDS 


Sector ID Information prior 
to Command Execution 


Execution Data Transfer between the 
FDD and System 


Result oem, FS.) ee rc ee ee. eee ee a. ee ae Status Information after 


Command Execution 


Sector ID Information after 
Command Execution 


Command Command Cades 


Sector ID Information prior 
to Command Execution 


Execution Data Transfer between the 
FDD and System 


Result Status Information after 


Command Execution 


Sector ID Information after 
Command Execution 


os 0 ee Oe oes Oe 0 ees ve 
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Table 6-1. 82078 Command Set (Continued) 


in 


D7 Dg Ds D4 D3 D2 D, Do 
WRITE DELETED DATA 


Command 0 Command Codes 
HDS DS1 
Sector ID Information prior 


to Command Execution 


f==zzzzzzze=Ez 


Execution | Data Transfer between the 
FDD and System 


Result eo ee ee ee ELIE So se ee Status Information after 
Command Execution 


Sector ID Information after 
Command Execution 


Command 0 1 0 Command Codes 
HDS DS1 DSO 
Sector ID Information prior 
to Command Execution 


Execution Data Transfer between the 
FDD and System. FDC 
Reads All Sectors from 
Index Hole to EOT 


Result ) Fee ee ae Te ees ee, oe Status Information after 
Command Execution 


Sector ID Information after 
Command Execution 


MT MFM SK 1 Command Codes 
EC 0 0 Lats DS1 


Command 


Sector ID Information prior 
to Command Execution 


f=zzzz=zeszz=e 


Execution Data Transfer between the 
FDD and System 


Result Pe OR, Tee eh pee Eh ae ee ee Status Information after 
Command Execution 


Sector ID Information after 
Command Execution 


Command 0 0 0 1 0 0 0 0 Command Code 
Result 1 0 0 1 0 0 0 0 Enhanced Controller 
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Table 6-1. 82078 Command Set (Continued) 


Pies R/W DATA BUS 


FORMAT TRACK 


Command Command Codes 


Bytes/Sector 
Sectors/Cylinder 
Gap3 

Filler Byte 


22222 


Execution 
For Each 
Sector 
Repeat: 


Input Sector 
Parameters 


==z= 


82078 Formats an Entire 
Cylinder 


STO ee |) US Information after 
ST 1 Command Execution 
ST 2 

Undefined 

Undefined 

Undefined 

Undefined 


SCAN EQUAL 


Command Command Codes 


Sector ID Information 
prior to Command 
Execution 


2222-35 32S = 


Execution Data Compared 
between the FDD 
and Main-System 


Status Information 
after Command 
Execution 


Result 


Sector ID Information 
after Command 
Execution 


eo pe 6 Jo 0 ies ies «Ha cs 
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Table 6-1. 82078 Command Set (Continued) 
engi 
SCAN LOW OR EQUAL 


Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Z==zzzzzzze 


Execution Data Compared 
Between the FDD 
and Main-System 


Result ae, a he ate es oe Se 5 Berd EE a 5 5 Foe ON Status Information 
After Command 
Execution 


Sector ID Information 
After Command 
Execution 


Command Command Codes 


Sector ID Information 
Prior to Command 
Execution 


Execution Data Compared 
Between the FDD 
and Main-System 


Status Information 
After Command 
Execution — 


Result 


Sector ID Information 
After Command 
Execution 


0 Ts ces 8 1 0 0 Je a 0. 
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Table 6-1. 82078 Command Set (Continued) 
DATA BUS 
D, D3 
RECALIBRATE 


Execution 


Command 


Result 


Command 


Command 


Result 


Command 
Phase 


Result 
Phase 


Command 


Execution 


Command 


Command 
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xi = 


a) Ad. ya 


EIS 


0 
EFIFO 


DRT1 


0 
POLL 


PRETRK 


DRTO 


DT1 


Command Codes 
Enhanced Controller 


Head Retracted to Track 0 


Command Codes 


Status Information at the 
End of each Seek 
Operation 


Command Codes 


Command Codes 


Status Information about 
FDD 


Command Codes 


0-46 bytes issued 


Drive 0 
Drive 1 
Drive 2 
Drive 3 


Command Codes 


Head is Positioned over 
Proper Cylinder on Diskette 


Command Code 
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Table 6-1. 82078 Command Set (Continued) 


DAT 


Do 


Command *Note 
Execution Registers Placed in FIFO 


PCN-Drive 0 
PCN-Drive 1 
PCN-Drive 2 
PCN-Drive 3 


Result 


Tt eee Geta 6 Sone ND 
SC/EOT ES eee ee 
D3 Do D; Do GAP = WGATE 
EIS EFIFO POLL ___ FIFOTHR 
PRETRK 


READ ID 
Command Commands 


BOD DAa DD VD 


Execution The First Correct ID 
Information on the Cylinder 
is Stored in Data Register 


Status Information after 
Command Execution 


Result 


Disk Status after the 
Command has Completed 


R 
R 
R 
R 
R 
R 
R 


Command 
Result LOCK 


PART ID 


1 0 
—STEPPING— 


POWERDOWN MODE 


OPTION 


Command 0 0 1 1 0 0 1 1 Command Code 
—-RSVD—- ISO 
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Pre 


Command 
Phase 


Result 
Phase 


Command 
Phase 


Result 
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UD Do Doo a 


R 
R 
R 
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Table 6-1. 82078 Command Set (Continued) 


D7 De Ds 


0 D3 
EIS  EFIFO 


0 EREG 
EN 


CLK48 SEL3V# 
0 0 


D3 
EFIFO 


EREG 
EN 


D, D3 


PCN-Drive 0 
PCN-Drive 1 
PCN-Drive 2 
PCN-Drive 3 


HLT 
SC/EOT 
Do D; 
POLL 
PRETRK 
RSVD _— pPS2 
STAT 
DISK/STATUS 
RSVD 
RSVD 


PC2 PC1 
0 0 
PCN-Drive 0 
PCN-Drive 1 
PCN-Drive 2 
PCN-Drive 3 


HLT 
SC/EOT 
Dp D; 
POLL 
PRETRK 
RSVD _— pPS2 
STAT 
DISK/STATUS 
RSVD 
RSVD 


D2 D; Do 


Command Code 


PCO DRATE1 DRATEO | Save Info to Reprogram the 
FDC 


0 0 ISO 


Do GAP 
FIFOTHR 


FDI MIN 
TRI DLY 


Command Code 


PCO DRATE1 DRATEO 
0 0 ISO 


Restore Original 
Register Status 


Do GAP 
FIFOTHR 


FDI MIN 
TRI DLY 


Command 


Execution 
Repeated 
for each 
Sector 


Result 
Phase 


MoD Da wy 


Command 


Result 


Table 6-1. 82078 Command Set (Continued) 
DATA BUS 
Ds D3 
FORMAT AND WRITE 


Data Transfer of N Bytes 


STO 

ST 1 

ST2 
Undefined 
Undefined 
Undefined 
Undefined 


INVALID 
Invalid Codes 


82078 64 PIN 


Remarks 


Command Code 


Input 
Sector 
Parameters 


82078 Formats and Writes 
Entire Track 


Invalid Command Codes 
(NoOp — 82078 goes into 
Standby State) 


ST 0 = 80H 
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PARAMETER ABBREVIATIONS 


Symbol 
AUTO PD 


CLK48 


DO, D1, D2, 
D3 


D 


DN 


DIR 
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Description 


Auto powerdown control. If this bit is 0, 
then the automatic powerdown is dis- 
abled. If it is set to 1, then the automat- 
ic powerdown is enabled. 


Cylinder address. The currently select- 
ed cylinder address, 0 to 255. 


CLK48 = 1 indicates an_ external 
48 Ml oscillator is being used. 


CLK48 = 0 indicates a 24 MHz clock. 


Drive Select 0-3. Designates which 
drives are Perpendicular drives, a “1” 
indicating Perpendicular drive. 


Data pattern. The pattern to be written 
in each sector data field during format- 
ting. 

Done. This bit indicates that this is the 
last byte of the drive specification com- 
mand. The 82078 checks to see if this 
bit is high or low. If it is low, it expects 
more bytes. 


DN = 0 82078 expects more subse- 
quent bytes. 


DN = 1 Terminates the command 
phase and jumps to the re- 
sults phase. An _ additional 
benefit is that by setting this 
bit high, a direct check of the 
current drive specifications 
can be done. 


Direction control. If this bit is 0, then 
the head will step out from the spindle 
during a relative seek. If set to a 1, the 
head will step in toward the spindie. 


DSO, DS1 


DTL 


DRATE1, 
DRATEO 


DRTO, 
DRT 1 


DTO, DT1 


Disk Drive Select. 


Drive 0 


Drive 1 
Drive 2 
Drive 3 


Special sector size. By setting N to 
zero (00), DTL may be used to control 
the number of bytes transferred in disk 
read/write commands. The sector size 
(N = 0) is set to 128. If the actual sec- 
tor (on the diskette) is larger than DTL, 
the remainder of the actual sector is 
read but is not passed to the host dur- 
ing read commands; during write com- 
mands, the remainder of the actual 
sector is written with all zero bytes. The 
CRC check code is calculated with the 
actual sector. When N is not zero, DTL 
has no meaning and should be set to 
FF HEX. 


Data rate values from the DSR register. 


Data rate table select. These two bits 
select between the different data rate 


tables. The default is the conventional 


table. These also provide mapping of 
the data rates selected in the DSR and 
CCR. The mapped values are provided 
for read back by the system software 
are as shown in the DIR (in PS/2 Mode 
only). Table 6-2 shows this. 


Drive density select type. These bits 
select the outputs on DRVDENO and 
DRVDEN1 based on mode of opera- 
tion that was selected via the IDENT1 
and IDENTO pins. More information is 
available in the Design Applications 
section. 


82078 64 PIN 


Table 6-2. Data Rate Select Table 


Bits in DSR/CCR 


DRTO | DRT1 | DRATEO | DRATE1 


1 


Data 
Rate 


1 


DRATEO 


500 Kbps 


Enable Count. When this bit is “1” the 
“DTL” parameter of the Verify Com- 
mand becomes SC (Number of sectors 
per track). 


Enable FIFO. When this bit is 0, the 
FIFO is enabled. A ‘1” puts the 82078 
in the 8272A compatible mode where 
the FIFO is disabled. 


Enable implied seek. When set, a seek 
operation will be performed before exe- 
cuting any read or write command that 
requires the C parameter in the com- 
mand phase. A “0” disables the im- 
plied seek. 


End of track. The final sector number 
of the current track. 


Enhanced Register Enable. 


EREG EN = 1 In PS/2 mode the 
TDR register is ex- 
tended. In AT/EISA 
mode, the TDR regis- 
ter is extended and 
SRB is made visible to 
the user. 


Standard AT/EISA 
and PS/2 registers are 
used. 


FDI TRI 


EFIFO 
FDO, FD1 


EIS 


EOT 


EREG EN 


GAP 


EREG EN = 0 GPL 


HDS 


Bits returned via DIR 
(Only available in PS/2) 


Perpendicular mode 
FDDs 


Floppy Drive Interface Tri-state: If this 
bit is 0, then the output pins of the flop- 
py disk drive interface are tri-stated. 
This is also the default state. If it is set 
to 1, then the floppy disk drive interface 
remains unchanged. 


Floppy drive select. These two bits se- 
lect which physical drive is being speci- 
fied. The FDn corresponds to FDSn 
and FDMEn on the floppy drive inter- 
face. The drive is selected independent 
of the BOOTSELn bits. Please refer to 
Section 2.1.1 which explains the dis- 
tinction between physical drives and 
their virtual mapping as defined by the 
BOOTSEL1 and BOOTSELO bits. 


Drive 0 


Drive 1 
Drive 2 
Drive 3 


Alters Gap 2 length when using Per- 
pendicular Mode. 


Gap length. The gap 3 size. (Gap 3 is 
the space between sectors excluding 
the VCO synchronization field). 


Head address. Selected head: 0 or 1 
(disk side O or 1) as encoded in the 
sector ID field. 
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HLT 


HUT 


ISO 


Lock 


MFM 


MIN DLY 


MT 
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Head load time. The time interval that 
82078 waits after loading the head and 
before initiating a read or write opera- 
tion. Refer to the SPECIFY command 
for actual delays. ; 


Head unload time. The time interval 
from the end of the execution phase (of 
a read or write command) until the 
head is unloaded. Refer to the SPECI- 
FY command for actual delays. 


ISO Format: If this bit is set high the 
ISO format is used for all data transfer 
commands. When this bit is set low the 
normal IBM system 34 and perpendicu- 
lar is used. The default is ISO = 0. 


Lock defines whether —EFIFO, 
FIFOTHR, and PRETRK parameters of 
the CONFIGURE command can be re- 
set to their default values by a “Soft- 
ware Reset” (Reset made by setting 
the proper bit in the DSR or DOR regis- 
ters). 


MFM mode. A one selects the double 
density (MFM) mode. A zero is re- 
served. 


Minimum power up time control. This 
bit is active only if AUTO PD bit is en- 
abled. Setting this bit to a 0, assigns a 
10 ms minimum power up time and set- 
ting this bit to a 1, assigns a 0.5 sec. 
minimum power up time (unless 2 
Mbps, then 5 ms to 0.25 sec.). 


Multi-track selector. When set, this flag 
selects the multi-track operating mode. 
In this mode, the 82078 treats a com- 
plete cylinder, under head 0 and 1, asa 
single track. The 82078 operates as if 
this expanded track started at the first 
sector under head 0 and ended at the 
last sector under head 1. With this flag 
set, a multitrack read or write operation 
will automatically continue to the first 
sector under head 1 when the 82078 
finishes operating on the last sector un- 
der head 0. ; 


Sector size code. This specifies the 
number of bytes in a sector. If this pa- 
rameter is 00”, then the sector size is 
128 bytes. The number of bytes trans- 
ferred is determined by the DTL param- 
eter. Otherwise the sector size is (2 
raised to the “‘N’th” power) times 128. 
All values up to ‘‘07” hex are allowable. 
‘07”h would equal a sector size of 16k. 
It is the users responsibility to not se- 
lect combinations that are not possible 
with the drive. 


NCN 


ND 


NRP 


OW 


PCN 


PC2, PC1, 
PCO 


PDOSC 


PS/2 STAT 


PTS 


S ae 


128 bytes 
256 bytes 
512 bytes 
1024 bytes 


16 Kbytes 


New cylinder number. The desired cyl- 
inder number. 


Non-DMA mode flag. When set to 1, 
indicates that the 82078 is to operate in 
the non-DMA mode. In this mode, the 
host is interrupted for each data trans- 
fer. When set to 0, the 82078 operates 
in DMA mode, interfacing to a DMA 
controller by means of the DRQ and 
DACK# signals. 


No Results phase. When this bit is set 
high the result phase is skipped. When 
this bit is low the result phase will be 
generated. 


The bits denoted DO, D1, D2, and D3 of 
the PERPENDICULAR MODE com- 
mand can only be overwritten when the 
OW bit is set to 1”. 


Present cylinder number. The current 
position of the head at the completion 
of SENSE INTERRUPT STATUS com- 
mand. 


Precompensation values from the DSR 
register. 


When this bit is set, the internal oscilla- 
tor is turned off. 


This may be done if using the external 
48 MHz oscillator. 


PS/2 status. This bit is functional only 
in the PS/2 mode. In all other modes 
this. bit will not have any effect. When 
set high this bit enables two bits (bits 5 
and 6) in the DIR register to reflect the 
values of PD and IDLE respectively ex- 
cept when IDLEMSK (bit 4) is set. De- 
fault value is 0. 


Precompensation table select. This bit 
selects whether to enable the precom- 
pensation value programmed in the 
DSR or not. In the default state, the 
value programmed in DSR will be used. 


PTS = 0 DSR programmed precom- 
pensation delays. 
PTS = 1 No precompensation delay 


is selected for the corre- 
sponding drive. 


intel. 


POLL 


PRETRK 


R 


RCN 


SC 


SEL3V # 


Polling disable. When set, the internal 
polling routine is disabled. When clear, 
polling is enabled. 


Precompensation start track number. 
Programmable from track 00 to FFH. 


Sector address. The sector number to 
be read or written. In multi-sector trans- 
fers, this parameter specifies the sec- 
tor number of the first sector to be read 
or written. 


Relative cylinder number. Relative cyl- 
inder offset from present cylinder as 
used by the RELATIVE SEEK com- 
mand. 

Number of sectors. The number of sec- 
tors to be initialized by the FORMAT 
command. The number of sectors to be 
verified during a Verify Command, 
when EC is set. 

SEL3V# = 1 indicates that the part is 
operating at 5.0V. 

SEL3V# = 0 indicates that the part is 
operating at 3.3V. 


SK 


SRT 


STO-3 


STEPPING 


WGATE 
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Skip flag. When set to 1, sectors con- 
taining a deleted data address mark 
will automatically be skipped during the 
execution of READ DATA. If READ DE- 
LETED is executed, only sectors with a 
deleted address mark will be accessed. 
When set to “0”, the sector is read or 
written the same as the read and write 
commands. 


Step rate interval. The time interval be- 
tween step pulses issued by the 82078. 
Programmable from 0.5 ms to 8 ms, in 
increments of 0.5 ms at the 1 Mbit data 
rate. Refer to the SPECIFY command 
for actual delays. 


Status registers 0-3. Registers within 
the 82078 that store status information 
after a command has been executed. 
This status information is available to 
the host during the result phase after 
command execution. 


These bits identify the stepping of the 
82078. 


Write gate alters timing of WE, to allow 
for pre-erase loads in perpendicular 
drives. 
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6.1 Data Transfer Commands 


All of the READ DATA, WRITE DATA and VERIFY 
type commands use the same parameter bytes and 
return the same results information. The only differ- 
ence being the coding of bits 0—4 in the first byte. 


An implied seek will be executed if the feature was 
enabled by the CONFIGURE command. This seek is 
completely transparent to the user. The Drive Busy 
bit for the drive will go active in the Main Status Reg- 
ister during the seek portion of the command. If the 
seek portion fails, it will be reflected in the results 
status normally returned for a READ/WRITE DATA 
command. Status Register 0 (STO) would contain 
the error code and C would contain the cylinder on 
which the seek failed. 


6.1.1 READ DATA 


A set of nine (9) bytes is required to place the 82078 
into the Read Data Mode. After the READ DATA 
command has been issued, the 82078 loads the 
head (if it is in the unloaded state), waits the speci- 
fied head settling time (defined in the SPECIFY com- 
mand), and begins reading ID Address Marks and ID 
fields. When the sector address read off the diskette 
matches with the sector address specified in the 
command, the 82078 reads the sector’s data field 
and transfers the data to the FIFO. 


After completion of the read operation from the cur- 
rent sector, the sector address is incremented by 
one, and the data from the next logical sector is read 
and output via the FIFO. This continuous read func- 
tion is called “Multi-Sector Read Operation’. Upon 
receipt of TC, or an implied TC (FIFO overrun/un- 
derrun), the 82078 stops sending data, but will con- 
tinue to read data from the current sector, check the 
CRC bytes, and at the end of the sector terminate 
the READ DATA Command. 


N determines the number of bytes per sector (see 
Table 6-3). If N is set to zero, the sector size is set to 
128. The DTL value determines the number of bytes 
to be transferred. If DTL is less than 128, the 82078 
transfers the specified number of bytes to the host. 
For reads, it continues to read the entire 128 byte 
sector and checks for CRC errors. For writes it com- 
pletes the 128 byte sector by filling in zeroes. If N is 
not set to 00 Hex, DTL should be set to FF Hex, and 
has no impact on the number of bytes transferred. 
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128 bytes 
256 bytes 
512 bytes 
1024 bytes 


16 Kbytes 


The amount of data which can be handled with a 


‘single command to the 82078 depends upon MT 


(multi-track) and N (Number of bytes/sector). 


Table 6-4. Effects of MT and N Bits 


The Multi-Track function (MT) allows the 82078 to 
read data from both sides of the diskette. For a par- 
ticular cylinder, data will be transferred starting at 
Sector 1, Side 0 and completing at the last sector of 
the same track at Side 1. 


If the host terminates a read or write operation in the 
82078, then the ID information in the result phase is 
dependent upon the state of the MT bit and EOT 
byte. Refer to Table 6-7. The termination must be 
normal. 


At the completion of the READ DATA Command, 
the head is not unloaded until after the Head Unload 
Time Interval (specified in the SPECIFY command) 
has elapsed. If the host issues another command 
before the head unloads then the head settling time 
may be saved between subsequent reads. 


lf the 82078 detects a pulse on the INDX# pin twice 
without finding the specified sector (meaning that 
the diskette’s index hole passes through index de- 
tect logic in the drive twice), the 82078 sets the IC 
code in Status Register 0 to “01” (Abnormal termi- 
nation), and sets the ND bit in Status Register 1 to 
“4” indicating a sector not found, and terminates the 
READ DATA Command. 


fa 3 

intel. 

After reading the ID and Data Fields in each sector, 
the 82078 checks the CRC bytes. If a CRC error 
occurs in the ID or data field, the 82078 sets the IC 
code in Status Register 0 to “01” (Abnormal termi- 
nation), sets the DE bit flag in Status Register 1 to 
“1”, sets the DD bit in Status Register 2 to “1” if 


CRC is incorrect in the ID field, and terminates the 
READ DATA Command. 


Table 6-5 describes the affect of the SK bit on the 
READ DATA command execution and results. 


Table 6-5. Skip Bit vs READ DATA Command 


Mark Type | Sector | CM Bit of| Description 
Value | Encountered | Read? | ST2 Set?| of Results 

Normal Data Yes Normal 
Termination. 


Deleted Data Yes Yes Address Not 
incremented. 
Next Sector 
Not Searched 
' For. 


1 Normal Data Yes Normal 
Termination. 


1 Deleted Data Yes Normal 
Termination 
Sector Not 
Read 
(“Skipped’’). 


Except where noted in Table 6-5, the C or R value of 
the sector address is automatically incremented 
(see Table 6-7). 


SK | Data Address 


6.1.2 READ DELETED DATA 


This command is the same as the READ DATA com- 
mand, only it operates on sectors that contain a De- 
leted Data Address Mark at the beginning of a Data 
Field. 
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Table 6-6 describes the affect of the SK bit on the 
READ DELETED DATA command execution and re- 
sults. 


Table 6-6. Skip Bit vs 
READ DELETED DATA Command 


Mark Type | sector| CM Bit of| Description 
Value | Encountered | Read? | ST2Set?| of Results 

Normal Data Yes Yes | Normal 
Termination. 


Deleted Data Yes Address Not 
Incremented. 
Next Sector 
Not Searched 
For. 

Normal Data Yes Normal 
Termination 
Sector Not 
Read 
(“Skipped”’). 


Deleted Data Yes Normal 
Termination. 


Except where noted in Table 6-6 above, the C or R 
value of the sector address is automatically incre- 
mented (see Table 6-7). 


SK | Data Address 


6.1.3 READ TRACK 


This command is similar to the READ DATA com- 
mand except that the entire data field is read contin- 
uously from each of the sectors of a track. Immedi- 
ately after encountering a pulse on the INDX# pin, 
the 82078 starts to read all data fields on the track 
as continuous blocks of data without regard to logi- 
cal sector numbers. If the 82078 finds an error in the 
ID or DATA CRC check bytes, it continues to read 
data from the track and sets the appropriate error 
bits at the end of the command. The 82078 com- 
pares the ID information read from each sector with 
the specified value in the command, and sets the 
ND flag of Status Register 1 to a “1” if there is no 
comparison. 


Multi-track or skip operations are not allowed with 
this command. The MT and SK bits (Bits D7 and D5 
of the first command byte respectively) should al- 
ways be set to “0”. 
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Table 6-7. Result Phase Table 
Final Sector ID information 
MT|Head| Transferred at Result Phase 
roost [To Ta] a [Ww 


Ma ares 
: 
Dy Vecestgte HEE ac 
} 
: 
Be eee 


NC: No Change, the same value as the one at the begin- 
ning of command execution. 
LSB: Least Significant Bit, the LSB of H is complemented. 


This command terminates when the EOT specified 
number of sectors have been read. If the 82078 
does not find an ID Address Mark on the diskette 
after the second occurrence of a pulse on the 
INDX# pin, then it sets the IC code in Status Regis- 
ter 0 to “01” (Abnormal termination), sets the MA bit 
in Status Register 1 to “1”, and terminates the com- 
mand. 


6.1.4 WRITE DATA 


After the WRITE DATA command has been issued, 
the 82078 loads the head (if it is in the unloaded 
state), waits the specified head load time if unloaded 
(defined in the SPECIFY command), and begins 
reading ID Fields. When the sector address read 
from the diskette matches the sector address speci- 
fied in the command, the 82078 reads the data from 
the host via the FIFO, and writes it to the sector’s 
data field. 


After writing data into the current sector, the 82078 
computes the CRC value and writes it into the CRC 
field at the end of the sector transfer. The Sector 
Number stored in ‘‘R” is incremented by one, and 
the 82078 continues writing to the next data field. 
The 82078 continues this “Multi-Sector Write Opera- 
tion’. Upon receipt of a terminal count signal or if a 
FIFO over/under run occurs while a data field is be- 
ing written, then the remainder of the data field is 
filled with zeroes. 


The 82078 reads the ID field of each sector and 
checks the CRC bytes. If it detects a CRC error in 
one of the ID Fields, it sets the IC code in Status 
Register 0 to “01” (Abnormal termination), sets the 
DE bit of Status Register 1 to “1”, and terminates 
the WRITE DATA command. 
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The WRITE DATA command operates in much the 
same manner as the READ DATA command. The 
following items are the same. Please refer to the 
READ DATA Command for details: 


e Transfer Capacity 

e (End of Cylinder) bit 

e ND (No Data) bit 

e Head Load, Unload Time Interval 


e |D information when the host terminates the com- 
mand. 


e Definition of DTL when N = O and when N does 
not = 0. 


6.1.5 WRITE DELETED DATA 


This command is almost the same as the WRITE 
DATA command except that a Deleted Data Ad- 
dress Mark is written at the beginning of the Data 
Field instead of the normal Data Address Mark. This 
command is typically used to mark a bad sector con- 
taining an error on the floppy disk. 


6.1.6 VERIFY 


The VERIFY command is used to verify the data 
stored on a disk. This command acts exactly like a 
READ DATA command except that no data is trans- 
ferred to the host. Data is read from the disk, CRC 
computed and checked against the previously 
stored value. 


Because no data is transferred to the host, TC (pin 
25) cannot be used to terminate this command. By 
setting the EC bit to “1” an implicit TC will be issued 
to the 82078. This implicit TC will occur when the SC 
value has decrement to 0 (an SC value of 0 will veri- 
fy 256 sectors). This command can also be terminat- 
ed by setting the EC bit to “0” and the EOT value 
equal to the final sector to be checked. If EC is set to 
“0” DTL/SC should be programmed to OFFH. Refer 
to Table 6-6 and Table 6-7 for information concern- 
ing the values of MT and EC versus SC and EOT 
value. 


Definitions: 
# Sectors Per Side 


Number of formatted sec- 
tors per each side of the 
disk. 


# Sectors Remaining = Number of formatted sec- 
tors left which can be read, 
including side 1 of the disk 
if MT is set to “1”. 
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ek “apes bik 6-8. Verify Command Result Phase Table . 


SC/EOT Value Termination Result 
SC = DTL Successful Termination 
EOT < # Sectors Per Side Result Phase Valid 
SC = DTL Unsuccessful Termination 
EOT > # Sectors Per Side Result Phase Invalid 
SC < # Sectors Remaining Successful Termination 
AND Result Phase Valid 
EOT < # Sectors Per Side 
SC > # Sectors Remaining Unsuccessful Termination 
OR Result Phase Invalid 
EOT > # Sectors Per Side 
SC = DTL Successful Termination 
EOT < # Sectors Per Side Result Phase Valid 
SC = DTL Unsuccessful Termination 
EOT > # Sectors Per Side Result Phase Invalid 
SC < # Sectors Remaining Successful Termination 


AND Result Phase Valid 
EOT < # Sectors Per Side 


SC > # Sectors Remaining 
OR 
EOT > # Sectors Per Side 


Unsuccessful Termination 
Result Phase Invalid 


NOTE: 
If MT is set to 1” and the SC value is greater than the number of remaining formatted sectors on Side 0, verifying will 
continue on Side 1 of the disk. 
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6.1.7 FORMAT TRACK 


The FORMAT command allows an entire track to be 
formatted. After a pulse from the INDX# pin is de- 
tected, the 82078 starts writing data on the disk in- 
cluding Gaps, Address Marks, ID Fields and Data 
Fields, per the IBM System 34 (MFM). The particular 
values that will be written to the gap and data field 
are controlled by the values programmed into N, SC, 
GPL, and D which are specified by the host during 
the command phase. The data field of the sector is 
filled with the data byte specified by D. The ID Field 
for each sector is supplied by the host; that is, four 
data bytes per sector are needed by the 82078 for 
C, H, R, and N (cylinder, head, sector number and 
sector size respectively). 


= | 

intel. 
After formatting each sector, the host must send 
new values for C, H, R and N to the 82078 for the 
next sector on the track. The R value (sector num- 
ber) is the only value that must be changed by the 
host after each sector is formatted. This allows the 
disk to be formatted with nonsequential sector ad- 
dresses (interleaving). This incrementing and for- 
matting continues for the whole track until the 82078 
encounters a pulse on the INDX# pin again and it 
terminates the command. 


Table 6-9 contains typical values for gap fields which 
are dependent upon the size of the sector and the 
number of sectors on each track. Actual values can 
vary due to drive electronics. 


Table 6-9. Typical PC-AT Values for Formatting 


NOTE: 
All values except Sector Size are in Hex. 


Gap3 is programmable during reads, writes, and formats. 


GPL1 = suggested Gap3 values in read and write commands to avoid splice point between data field and ID 


field of contiguous sections. 


GPL2 = suggested Gap3 value in FORMAT TRACK command. 


6.1.7.1 Format Fields 


Table 6-10. System 34 Format Double Density 


GAP 4a | SYNC GAP1]SYNC| !DAM ic Ss C| GAP2| sync | DATAAM 
80x 12x | 3x 50x 12x | 3 ¥ E R} 22x 12x | 3y | FB DATA 
4E 00 }coo]FO] 4E | 00 | aq{ FEL Cc C} 4E | 00 | ay | Fe 


GAP 3 | GAP 4b 


Table 6-11. ISO Format 


GAP 3 | GAP 4b 


GAP1|SYNC| !DAM |¢ Ss Cc} GAP2| sync} DATAAM 
32x 12x 3x Y E R 22x 12x 3x FB DATA 
4E 00 Al FE L C C 4E 00 Al F8 


Table 6-12. Perpendicular Format 


GAP 4a | SYNC GAP1| SYNC} !DAM |¢ Ss Cc | GAP 2] SYNC | DATAAM 
80x | 12x | 9, 50x | 12x | 9 Y © R}| 41x | 12x | 9x | FB DATA 
4E 00 |colFO] 4E | 00 | ay] FEI L C C| 4€ | 00 | ay | ge 


GAP 3 | GAP 4b 
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Control commands differ from the other commands 
in that no data transfer takes place. Three com- 
mands generate an interrupt when complete; READ 
ID, RECALIBRATE and SEEK. The other control 
commands do not generate an interrupt. 


6.2.1 READ ID 


The READ ID command is used to find the present 
position of the recording heads. The 82078 stores 
the values from the first ID Field it is able to read into 
its registers. If the 82078 does not find an ID Ad- 
dress Mark on the diskette after the second occur- 
rence of a pulse on the INDX# pin, it then sets the 
IC code in Status Register 0 to “01” (Abnormal ter- 
mination), sets the MA bit in Status Register 1 to 
“1” and terminates the command. 


The following commands will generate an interrupt 
upon completion. They do not return any result 
bytes. It is highly recommended that control com- 
mands be followed by the SENSE INTERRUPT 
STATUS command. Otherwise, valuable interrupt 
status information will be lost. 


6.2.2 RECALIBRATE 


This command causes the read/write head within 
the 82078 to retract to the track 0 position. The 
82078 clears the contents of the PCN counter, and 
checks the status of the TRKO pin from the FDD. As 
long as the TRKO pin is low, the DIR pin remains 0 
and step pulses are issued. When the TRKO pin 
goes high, the SE bit in Status Register 0 is set to 
4” and the command is terminated. If the TRKO pin 
is still low after 79 step pulses have been issued, the 
82078 sets the SE and the EC bits of Status Regis- 
ter 0 to “1”, and terminates the command. Disks 
capable of handling more than 80 tracks per side 
may require more than one RECALIBRATE com- 
mand to return the head back to physical Track 0. 


The RECALIBRATE command does not have a re- 
sult phase. SENSE INTERRUPT STATUS command 
must be issued after the RECALIBRATE command 
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to effectively terminate it and to provide verification 
of the head position (PCN). During the command 
phase of the recalibrate operation, the 82078 is in 
the BUSY state, but during the execution phase it is 
in a NON BUSY state. At this time another RECALI- 
BRATE command may be issued, and in this man- 
ner, parallel RECALIBRATE operations may be 
done on up to 4 drives at once.. 


Upon power up, the software must issue a RECALI- 
BRATE command to properly initialize all drives and 
the controller. 


6.2.3 DRIVE SPECIFICATION COMMAND 


The 82078 uses two pins, DRVDENO and DRVDEN1 
to select the density for modern drives. These sig- 
nals inform the drive of the type of diskette in the 
drive. The Drive Specification command specifies 
the polarity of the DRVDENO and DRVDEN1 pins. It 
also enables or disables DSR programmed precom- 
pensation. 


This command removes the need for a hardware 
workaround to accommodate differing specifications 
among drives. By programming this command during 
BIOS’s POST routine, the floppy disk controller will 
internally configure the correct values for DRVDENO 
and DRVDEN1 with corresponding precompensa- 
tion value and data rate table enabled for the partic- 
ular type of drive. 


This command is protected from software resets. Af- 
ter executing the DRIVE SPEC command, subse- 
quent software resets will not clear the programmed 
parameters. Only another DRIVE SPEC command or 
H/W reset can reset it to default values. The 6 LSBs 
of the last byte of this command are reserved for 
future use. 


The DRATEO and DRATE1 are values as pro- 
grammed in the DSR register. The DENSEL is high 
for high data rates (1 Mbps and 500 Kbps) and low 
for low data rates (300 Kbps and 250 Kbps). 


Table 6-13 describes the drives that are supported 


with the DTO, DT1 bits of the Drive Specification 
command: 
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Table 6-13. Drive Support via the Drive Specification Command 
DRVDENn Polarities for AT/EISA Mode (IDENTO, IDENT1 = 11) 


DRVDENO 


| 


oo 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


(*) Denotes the default setting 


DRVDEN Polarities for PS/2, Model 30 Mode (IDENTO, IDENT1 = OX) 


Data Rate DRVDENO 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


(*) Denotes the default setting 
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6.2.4 SEEK 


The read/write head within the drive is moved from 
track to track under the control of the SEEK Com- 
mand. The 82078 compares the PCN which is the 
current head position with the NCN and performs 
the following operation if there is a difference: 


PCN < NCN: Direction signal to drive set to “1” 
(step in), and issues step pulses. 


PCN > NCN: Direction signal to drive set to “0” 
(step out), and issues step pulses. 


The rate at which step pulses are issued is con- 
trolled by SRT (Stepping Rate Time) in the SPECIFY 
command. After each step pulse is issued, NCN is 
compared against PCN, and when NCN = PCN, 
then the SE bit in Status Register 0 is set to “1”, and 
the command is terminated. 


During the command phase of the seek or recali- 
brate operation, the 82078 is in the BUSY state, but 
during the execution phase it is in the NON BUSY 
state. 


Note that if implied seek is not enabled, the read and 
write commands should be preceded by: 


1. SEEK command; Step to the proper track 


2. SENSE INTERRUPT STATUS command; Termi- 
nate the Seek command 


3. READ ID. Verify head is on proper track 
4. Issue READ/WRITE command. 


The SEEK command does not have a result phase. 
Therefore, it is highly recommended that the SENSE 
INTERRUPT STATUS Command be issued after the 
SEEK command to terminate it and to provide verifi- 
cation of the head position (PCN). The H bit (Head 
Address) in STO will always return a “0”. When exit- 
ing DSR POWERDOWN mode, the 82078 clears the 
PCN value and the status information to zero. Prior 
to issuing the DSR POWERDOWN command, it is 
highly recommended that the user service all pend- 
ing interrupts through the SENSE INTERRUPT 
STATUS command. 


6.2.5 SCAN COMMANDS 


The SCAN Commands allow data which is being 
read from the diskette to be compared against data 
which is being supplied from the main system (Proc- 
essor in NON-DMA mode, and DMA Controller in 
DMA mode). The FDC compares the data on a byte- 
by-byte basis, and looks for a sector of data which 
meets the conditions of Depp = Dprocessor, DFpp < 
Dprocessor, OF DFpp 2 Dprocessor. Ones comple- 
ment arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole 
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sector of data is compared, if the conditions are not 
met, the sector number is incremented (R + STP 
— > R), and the scan operation is continued. The 
scan operation continues until one of the following 
conditions occur; the conditions for scan are met 
(equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is re- 
ceived. 


If the conditions for scan are met then the FDC sets 
the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the 
conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the 
cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or 
DMA Controller during the scan operation will cause 
the FDC to complete the comparison of the particu- 
lar byte which is in process, and then to terminate 
the command. Table 6-9 shows the status of bits SH 
and SN under various conditions of SCAN. 


If the FDC encounters a Deleted Data Address Mark 
on one of the sectors (and SK = 0), then it regards 
the sector as the last sector on the cylinder, sets CM 
(Control Mark) flag of Status Register 2 to a 1 (high) 
and terminates the command. If SK = 1, the FDC 
skips the sector with the Deleted Address Mark, and 
reads the next sector. In the second case (SK = 1), 
the FDC sets the CM (Control Mark) flag of Status 
Register 2 to a 1 (high) in order to show that a Delet- 
ed Sector has been encountered. 


When either the STP (contiguous sectors STP = 01, 
or alternate sectors STP = 02 sectors are read) or 
the MT (Multi-Track) are programmed, it is neces- 
sary to remember that the last sector on the track 
must be read. For example, if STP = 02, MT = 0, 
the sectors are numbered sequentially 1 through 26, 
and we start the Scan Command at sector 21; the 
following will happen. Sectors 21, 23, and 25 will be 
read, then the next sector (26) will be skipped and 
the Index Hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnor- 
mal termination of the command. If the EOT had 
been set at 25 or the scanning started at sector 20, 
then the Scan Command would be completed in a 
normal manner. 


During the Scan Command data is supplied by either 
the processor or DMA Controller for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Over Run) flag set in Status 
Register 1, it is necessary to have the data available 
in less than 13 ys. If an Overrun occurs the FDC 
terminates the command. 
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Table 6-13. Scan Status Codes 


Scan Equal 


Scan Low or Equal 


Scan High or Equal 


6.2.6 SENSE INTERRUPT STATUS 
An interrupt signal on INT pin is generated by the 
82078 for one of the following reasons: 
1. Upon entering the Result Phase of: 
. READ DATA Command 
. READ TRACK Command 
. READ ID Command 
. READ DELETED DATA Command 
. WRITE DATA Command 

FORMAT TRACK Command 
. WRITE DELETED DATA Command 
h. VERIFY Command 


2. End of SEEK, RELATIVE SEEK or RECALI- 
BRATE Command 


3. 82078 requires a data transfer during the execu- 
tion phase in the non-DMA Mode 


eo rp -f: 2 F 


The SENSE INTERRUPT STATUS command resets 
the interrupt signal and via the IC code and SE bit of 
Status Register 0, identifies the cause of the inter- 
rupt. If a SENSE INTERRUPT STATUS command is 
issued when no active interrupt condition is present, 
the status register STO will return a value of 80H 
(invalid command). 


Table 6-14. Interrupt Identification 


/Se| ic | _interruptDueTo 


0 11 | Polling 

1 00 | Normal Termination of SEEK or 
RECALIBRATE command 

1 ‘01 | Abnormal Termination of SEEK or 
RECALIBRATE command 


The SEEK, RELATIVE SEEK and the RECALI- 
BRATE commands have no result phase. SENSE 
INTERRUPT STATUS command must be issued im- 
mediately after these commands to terminate them 
and to provide verification of the head position 
(PCN). The H (Head Address) bit in STO will always 
return a “0”. If a SENSE INTERRUPT STATUS is 
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Status Register 2 


fe : 


Depp = Dprocessor 
: DFpp as DProcessor 


Bit 3 = SH 


Depp = Dprocessor 
Depp < DProcessor 
DFpp > DProcessor 


Depp = Dprocessor 
Depp > DProcessor 
DFpp ¢ DProcessor 


not issued, the drive will continue to be BUSY and 
may effect the operation of the next command. 


6.2.7 SENSE DRIVE STATUS 


SENSE DRIVE STATUS obtains drive status infor- 
mation. It has no execution phase and goes directly 
to the result phase from the command phase. 
STATUS REGISTER 3 contains the drive status in- 
formation. 


6.2.8 SPECIFY 


The SPECIFY command sets the initial values for 
each of the three internal timers. The HUT (Head 
Unload Time) defines the time from the end of the 
execution phase of one of the read/write commands 
to the head unload state. The SRT (Step Rate Time) 
defines the time interval between adjacent step 
pulses. Note that the spacing between the first and 
second step pulses may be shorter than the remain- 
ing step pulses. The HLT (Head Load Time) defines 
the time between the command phase to the execu- 
tion phase of a read/write data command. The Head 
Unload Time (HUT) timer starts at the end of the 
execution phase to the beginning of the result phase 
of a read/write command. The values change with 
the data rate speed selection and are documented 
in Table 6-15. 


Table 6-15. Drive Control Delays (ms) 


1M 500K 300K 250K/1M 500K 300K 250K 
128 256 426 


8.0 16 32 
S 16-267 


S00K j##§ 300K 250K 


The choice of DMA or NON-DMA operations is 
made by the ND bit. When this bit is “1”, the NON- 
DMA mode is selected, and when ND is “0”, the 
DMA mode is selected. In DMA mode, data transfers 
are signalled by the DRQ pin. Non-DMA mode uses 
the RQM bit and the INT pin to signal data transfers. 


6.2.9 CONFIGURE 


Issue the configure command to enable features like 
the programmable FIFO and set the beginning track 
for pre-compensation. A CONFIGURE command 
need not be issued if the default values of the 82078 
meet the system requirements. The CLK48 bit al- 
lows the 82078 to connect to a 48 MHz oscillator, 
this can reduce board space if there is a 48 MHz 
signal already available on the system. 


CONFIGURE DEFAULT VALUES: 


EIS — No Implied Seeks 
EFIFO §— FIFO Disabled 
POLL — Polling Enabled 


FIFOTHR — FIFO Threshold Set to 1 Byte 
PRETRK — Pre-Compensation Set to Track 0 


EIS—Enable implied seek. When set to ‘1’, the 
82078 will perform a SEEK operation before execut- 
ing a read or write command. Defaults to no implied 
seek. 


EFIFO—A ‘‘1” puts the FIFO into the 8272A com- 
patible mode where the FIFO is disabled. This 
means data transfers are asked for on a byte by byte 
basis. Defaults to “1”, FIFO disabled. The threshold 
defaults to one. — 


POLL—Disable polling of the drives. Defaults to “0”, 
polling enabled. When enabled, a single interrupt is 
generated after a RESET. No polling is performed 
while the drive head is loaded and the head unload 
delay has not expired. 
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FIFOTHR—The FIFO threshold in the execution 
phase of read or write commands. This is program- 
mable from 1 byte to 16 bytes. Defaults to one byte. 
A “00” selects one byte, “OF” selects 16 bytes. 


PRETRK—Pre-compensation start track number. 
Programmable from track 0 to 255. Defaults to track 
0. A “00” selects track 0, “FF” selects 255. 


CLK48—Default is “O’’, external clock is assumed to 
be 24 MHz. If a 48 MHz external oscillator is used 
the bit must be set high. Note that the 82078 does 
not support a 48 MHz crystal, only an external oscil- 
lator. For more information refer to the section about 
the 2 Mbps data rate. Note, this must be enabled 
first during the initialization routine of the POST if a 
48 MHz oscillator is used. 


6.2.10 VERSION 


The VERSION command checks to see if the con- 
troller is an enhanced type (82077, 82077AA, 
82077SL) or the older type (8272A/765A). A value 
of 90H is returned as the result byte, defining an 
enhanced FDD controller is in use. No interrupts are 
generated. 


6.2.11 RELATIVE SEEK 


The command is coded the same as for SEEK, ex- 
cept for the MSB of the first byte and the DIR bit. 


DIR Head Step Direction Control. 
Step Head In 


RCN Relative Cylinder Number that determines 
how many tracks to step the head in or out 
from the current track number. 


The RELATIVE SEEK command differs from the 
SEEK command in that it steps the head the abso- 
lute number of tracks specified in the command in- 
stead of making a comparison against an internal 
register. The SEEK command is good for drives that 
support a maximum of 256 tracks. RELATIVE 
SEEKs cannot be overlapped with other RELATIVE 
SEEKs. Only one RELATIVE SEEK can be active at 
a time. Bit 4 of Status Register 0 (EC) will be set if 
RELATIVE SEEK attempts to step outward beyond 
Track 0. . 


As an example, assume that a floppy drive has 300 


useable tracks and that the host needs to read track 
300 and the head is on any track (0-255). If a SEEK 


2-197 


82078 64 PIN 


command was issued, the head would stop at track 
255. If a RELATIVE SEEK command was issued, the 
82078 would move the head the specified number of 
tracks, regardless of the internal cylinder position 
register (but would increment the register). If the 
head had been on track 40 (D), the maximum track 
that the 82078 could position the head on using 
RELATIVE SEEK, would be 296 (D), the initial track, 
+ 256 (D). The maximum count that the head can be 
moved with a single RELATIVE SEEK command is 
256 (D). 


The internal register, PCN, would overflow as the 
cylinder number crossed track 255 and would con- 
tain 40 (D). The resulting PCN value is thus (NCN + 
PCN) mod 256. Functionally, the 82078 starts count- 
ing from 0 again as the track number goes above 
255(D). It is the users responsibility to compensate 
82078 functions (precompensation track number) 
when accessing tracks greater than 255. The 82078 
does not keep track that it is working in an ‘‘extend- 
ed track area” (greater than 255). Any command is- 
sued would use the current PCN value except for the 
RECALIBRATE command which only looks for the 
TRACKO signal. RECALIBRATE would return an er- 
ror if the head was farther than 79 due to its limita- 
tion of issuing a maximum 80 step pulses. The user 
simply needs to issue a second RECALIBRATE 
command. The SEEK command and implied seeks 
will function correctly within the 44 (D) track 
(299-255) area of the “extended track area’. It is 
the users responsibility not to issue a new track posi- 
tion that would exceed the maximum track that is 
present in the extended area. 


To return to the standard floppy range (0-255) of 
tracks, a RELATIVE SEEK would be issued to cross 
the track 255 boundary. 
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A RELATIVE SEEK can be used instead of the nor- 
mal SEEK but the host is required to calculate the 
difference between the current head location and 
the new (target) head location. This may require the 
host to issue a READ ID command to ensure that 
the head is physically on the track that software as- 
sumes it to be. Different 82078 commands will return 
different cylinder results which may be difficult to 
keep track of with software without the READ ID 
command. 


6.2.12 DUMPREG 


The DUMPREG command is designed to support 
system run-time diagnostics and application soft- 
ware development and debug. The command re- 
turns pertinent information regarding the internal 
status of the 82078. This can be used to verify the 
values initialized in the 82078. 


6.2.13 PERPENDICULAR MODE COMMAND 


6.2.13.1 About Perpendicular Recording Mode 


An added capability of the 82078 is the ability to 
interface directly to perpendicular recording floppy 
drives. Perpendicular recording differs from the tradi- 
tional longitudinal method by orienting the magnetic 
bits vertically. This scheme packs in more data bits 
for the same area. . 


6.2.13.2 The Perpendicular Mode Command 


The PERPENDICULAR MODE Command allows the 
system designers to designate specific drives as 


Table 6-16. Effects of WGATE and GAP Bits 


VCO Low 


GAP WGATE Time after 


index Pulse 


Conventional Mode 


Perpendicular Mode 
(500 Kbps Data Rate) 


Reserved 
(Conventional) 


Perpendicular Mode 
(1 Mbps Data Rate) 


NOTE: 


Gap2 Format | Written by Write 


Length of | Portion of Gap2 Gap2 VCO 
Low Time for 


Data Operation | Read Operations 
0 Bytes 
19 Bytes 


Field 


22 Bytes 
22 Bytes 


22 Bytes 0 Bytes 


41 Bytes | 


38 Bytes 


When either GAP or WGATE bit is set, the current value of precompensation in the DSR is used. 
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Perpendicular recording drives. Data transfers be- 
tween Conventional and Perpendicular drives are al- 
lowed without having to issue PERPENDICULAR 
MODE commands between the accesses of the two 


different drives, nor having to change write pre-com- 
pensation values. 


With this command, the length of the Gap2 field and 
VCO enable timing can be altered to accommodate 
the unique requirements of these drives. Table 6-16 
describes the effects of the WGATE and GAP bits 
for the PERPENDICULAR MODE command. 


When both GAP and WGATE equal “0” the PER- 
PENDICULAR MODE command will have the follow- 
ing effect on the 82078: 1) If any of the new bits DO, 
D1, D2, and D3 are programmed to “1” the corre- 
sponding drive will automatically be programmed for 
Perpendicular mode (i.e.: GAP2 being written during 
a write operation, the programmed Data Rate will 
determine the length of GAP2), and data will be writ- 
ten with 0 ns write pre-compensation. 2) any of the 
new bits (DO-D3) that are programmed for ‘‘0” the 
designated drive will be programmed for Conven- 
tional Mode and data will be written with the current- 
ly programmed write pre-compensation value. 3) 
Bits DO, D1, D2, and D3 can only be over written 
when the OW bit is written as a ‘1’. The status of 
these bits can be determined by interpreting the 
eighth result byte of the DUMPREG Command. 
(Note: if either the GAP or WGATE bit is a “1”, then 
bits DO-D3 are ignored.) 


“Software” and ‘“Hardware’’ RESET will have the 
following effects on the enhanced PERPENDICU- 
LAR MODE command: 


1. “Software” RESETs (Reset via DOR or DSR reg- 
isters) will only clear GAP and WGATE bits to 
“0”, D3, D2, D1, and DO will retain their previous- 
ly programmed values. 


2. “Hardware” RESETs (Reset via pin 32) will clear 
all bits (GAP, WGATE, DO, D1, D2, and D3) to 
“Q” (All Drives Conventional Mode). 


6.2.14 POWERDOWN MODE COMMAND 


The POWERDOWN MODE command allows the au- 
tomatic power management and enables the en- 
hanced registers (EREG EN) of the 82078. The use 
of the command can extend the battery life in porta- 
ble PC applications. To enable auto powerdown the 
command may be issued during the BIOS power on 
self test (POST). 


This command includes the ability to configure the 
82078 into the enhanced AT/EISA and PS/2 mode. 
In the enhanced PS/2 and Model 30 modes, this 
makes the PD and IDLE pin status visible in the DIR 
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register. In the enhanced AT/EISA modes, this com- 
mand extends the SRB and TDR register. These ex- 
tended registers accommodate bits that give more 
information about floppy drive interface, allow for - 
boot drive selection, and identify the values of the 
PD and IDLE status. 


As soon as the command is enabled, a 10 ms ora 
0.5 sec. (5 ms or 0.25 with 2Mbps tape mode) mini- 
mum powerup timer is initiated depending on wheth- 
er the MIN DLY bit is set to 0 or 1. This timer is one 
of the required conditions that has to be satisfied 
before the part will enter auto powerdown. Any soft- 
ware reset will reinitialize the timer. The timer count- 
down is also extended by up to 10 ms if the data rate 
is changed during the timer’s countdown. Without 
this timer 82078 would have been put to sleep im- 
mediately after 82078 is idle. The minimum delay 
gives software a chance to interact with 82078 with- 
out incurring an additional overhead due to recovery 
time. 


The command also allows the output pins of floppy 
disk drive interface to be tri-stated or left unaltered 
during auto powerdown. This is done by the FDI TRI 
bit. In the default condition (FDI TRI=0) the output 
pins of the floppy disk drive are tri-stated. Setting 
this bit leaves the interface unchanged from the nor- 
mal state. 


The results phase returns the values programmed 
for MIN DLY, FDI TRI and AUTO PD. The auto pow- 
erdown mode is disabled by a hardware reset. Soft- 
ware results have no effect on the POWERDOWN 
MODE command parameters. 


6.2.15 PART ID COMMAND 


This command can be used to identify the floppy 
disk controller as an enhanced controller. The first 
stepping of both versions of the 64 pin 82078 will 
yield Ox01 in the result phase of this command. Any 
future enhancements on these parts will be denoted 
by the 5 LSBs (0x01 to Ox1F). 


6.2.16 OPTION COMMAND 


The standard IBM format includes an index address 
field consisting of 80 bytes of GAP 4a, 12 bytes of 
the sync field, four bytes identifying the IAM and 
50 bytes of GAP 1. Under the ISO format most of 
this preamble is not used. The ISO format allows 
only 32 bytes of GAP 1 after the index mark. The 
ISO bit in this command allows the 82078 to config- 
ure the data transfer commands to recognize this 
format. The MSBs in this command are reserved for 
any other enhancements made available to the user 
in the future. 
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6.2.17 SAVE COMMAND 


The first byte corresponds to the values pro- 
grammed in the DSR with the exception of CLK48. 
The DRATE1, DRATEO used here are unmapped. 
The second byte is used for configuring the bits from 
the OPTION command. All future enhancements to 
the OPTION command will be reflected in this byte 
as well. The next nine result bytes are explained in 
the Parameter Abbreviations section after the com- 
mand summary. The 13th byte is the value associat- 
ed with the auto powerdown command. The disk 
status is used internally by 82078. There are two 
reserved bytes at the end of this command for future 
use. 


This command is similar to the DUMPREG com- 
mand but it additionally allows the user to read back 
the precompensation values as well as the pro- 
grammed data rate. It also allows the user to read 
the values programmed in the auto powerdown 
command. The precompensation values will be re- 
turned as programmed in the DSR register. This 
command is used in conjunction with the Restore 
command should prove very useful for SMM power 
management. This command reserves the last two 
bytes for future enhancements. 


6.2.18 RESTORE COMMAND 


Using Restore with the Save command, allows the 
SMM power management to restore the 82078 to its 
original state after a system powerdown. It also 
serves as a succinct way to provide most of the ini- 
tialization requirements normally handled by the sys- 
tem. The sequence of initializing the 82078 after a 
reset occurred and assuming a Save command was 
issued follows: 


e Issue the Drive Spec command (if the design uti- 
lizes this command) 


e Issue the Restore command (pass the 16 bytes 
retrieved previously during SAVE) 


The Restore command will program the data rate 
and precompensation value via the DSR. It then re- 
stores the values normally programmed through the 
Configure, Specify, and Perpendicular commands. It 
also enables the previously selected values for the 
AUTO Powerdown command. The PCN values are 
set restored to their previous values and the user is 
responsible for issuing the seek and recalibrate 
commands to restore the head to the proper loca- 
tion. There are some drives that do not recalibrate in 
which case the Restore command will restore the 
previous state completely. The PDOSC bit is retriev- 
able using the Save command, however, the system 
designer must set it correctly. The software must al- 
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low at least 20 ps to execute the Restore command. 
When using the BOOTSEL bits in the TDR, the user 


must restore or reinitialize these bits to their proper 
values. 


6.2.19 FORMAT AND WRITE COMMAND 


The format and write command is capable of simul- 
taneously formatting and writing data to the diskette. 
It is essentially the same as the normal format com- 
mand. With the exception that included in the execu- 
tion for each sector is not only the C, H, R, and N but 
also the data transfer of N bytes. The D value is 
ignored. This command formats the entire track. 
High speed floppy diskette duplication can be done 
fast and efficiently with this command. The user can 
format the diskette and put data on it in a single 
pass. This is very useful for software duplication ap- 
plications by reducing the time required to format 
and copy diskettes. 


6.2.20 LOCK 


The LOCK command is included to protect a system 
with long DMA latencies against older application 
software packages that can disable the 82078’s 
FIFO. 


NOTE: 

This command should only be used by the sys- 
tem’s FDC routines, and ISVs (Independent Soft- 
ware Vendors) should refrain from using it. If an 
ISV’s application calls for having the 82078 FIFO 
disabled a CONFIGURE Command should be used 
to toggle the EFIFO (Enable FIFO) bit. ISV can de- 
termine the value of the LOCK bit by interpreting 
the eighth result byte of an DUMPREG Command. 


The LOCK command defines whether EFIFO, 
FIFOTHR, and PRETRK parameters of the CON- 
FIGURE command can be RESET by the DOR and 
DSR registers. When the LOCK bit is set to a “1” all 
subsequent “software” RESETs by the DOR and 
DSR registers will not change the previously set pa- 
rameter values in the CONFIGURE command. When 
the LOCK bit is set to a “0” ‘software” RESETs by 
the DOR or DSR registers will return these parame- 
ters to their default values. All “hardware’”’ Resets 
will set the LOCK bit to a “0” value, and will return 
EFIFO, FIFOTHR, and PRETRK to their default val- 
ues. A Status byte is returned immediately after issu- 
ing the command byte. This Status byte reflects the 
value of the Lock bit set by the command byte. 


NOTE: 
No interrupts are generated at the end of this com- 
mand. 
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7.0 STATUS REGISTER ENCODING 


The contents of these registers are available only through a command sequence. 


7.1 Status Register 0 


7,6 IC Interrupt 00—Normal termination of command. The specified command was 
Code properly executed and completed without error. 
| 01—Abnormal termination of command. Command execution was started, 
but was not successfully completed. 
10—Invalid command. The requested command could not be executed. 


11—Abnormal termination caused by Polling. 


Seek End The 82078 completed a SEEK or RECALIBRATE command, or a READ or 
WRITE with implied seek command. 


4 EC Equipment The TRKO pin failed to become a “1” after: 
Check 1. 80 step pulses in the RECALIBRATE command. 
2. The RELATIVE SEEK command causes the 82078 to step outward 


beyond Track 0. 


oa eee Unused. This bit is always “‘O”’. , 
raz Head Address | The current head address. 
DS1,0 | Drive Select | The current selected drive. 


7.2 Status Register 1 


End of The 82078 tried to access a sector beyond the final sector of the track 
Cylinder (255D). Will be set if TC is not issued after Read or Write Data Command. 


Unused. This bit is always “0”. 


Data Error The 82078 detected a CRC error in either the ID field or the data field of a 
sector. 
Overrun/ Becomes set if the 82078 does not receive CPU or DMA service within the 
Underrun required time interval, resulting in data overrun or underrun. 
eee tees Unused. This bit is always “0”. 


Any one of the following: 
1. READ DATA, READ DELETED DATA command, the 82078 did not find 
the specified sector. 

2. READ ID command, the 82078 cannot read the ID field without an error. 
3. READ TRACK command, the 82078 cannot find the proper sector 
sequence. 


1 N Not Writable | WP pin became a “1” while the 82078 is executing a WRITE DATA, 
WRITE DELETED DATA, or FORMAT TRACK command. 


Missing Any one of the following: 
Address Mark | 1. The 82078 did not detect an ID address mark at the specified track after 
encountering the index pulse from the INDX # pin twice. 

2. The 82078 cannot detect a data address mark or a deleted data 
address mark on the specified track. 
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7.3 Status Register 2 
Elem | me [ee 


eee aa as Unused. This bit is always ‘‘O”. 


ai Control Mark | Any one of the following: 


1. READ DATA command, the 82078 encounters a deleted data 
Data Error 
in Data Field 


address mark. 
WC Wrong The track address from the sector ID field is different from the track 
Cylinder. address maintained inside the 82078. 


2. READ DELETED DATA command, the 82078 encountered a data 
ae Unused. This bit is always “0”. 


address mark. 
The 82078 detected a CRC error in the data field. 
Unused. This bit is always ‘‘0”’. 
= BC Bad Cylinder The track address from the sector ID field is different from the track 
address maintained inside the 82078 and is equal to FF hex which 
indicates a bad track with a hard error according to the IBM soft- 
sectored format. 
Missing Data The 82078 cannot detect a data address mark or a deleted data 
Address Mark | address mark. 


7.4 Status Register 3 


ee a ie es Unused. This bit is always “0”. 

Me hie eis ead memnensee 
To ae aed eae ee 
3 Pf | ratte Ths bttisatwaye 1% 2 
| 2 | HD | HeadAddress | Indicates the status oftheHDSELpin, 
| 1,0 | DS1,0 | DriveSelect_ | Indicates the status oftheDS1,DSOpins, 
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8.0 COMPATIBILITY 


The 82078 was designed with software compatibility 
in mind. It is a fully backwards compatible solution 
with the older generation 8272A and NEC765A/B 
disk controllers. The 82078 also implements on- 
board registers for compatibility with the Personal 
System/2s as well as PC/AT and PC/XT floppy disk 
controller subsystems. The 82078 is fully compatible 
with Intel’s 386/486SL Microprocessor Superset. 
Upon reset, the 82078 samples IDENTO and 
IDENT1 to determine PS/2, PC/AT or PS/2 Model 
30 mode. 


8.1 PS/2 vs AT vs Model 30 Mode 


The 82078 operates in three different modes: PS/2, 
PC/AT, and Model 30. The 82078 is placed into the 
proper mode of operations upon Hardware RESET 
with the appropriate settings of the IDENTO and 
IDENT1 pins. 


8.2 Compatibility with the FIFO 


The FIFO of the 82078 is designed to be transparent 
to non-FIFO disk controller software developed on 
the older generation 8272A standard. Operation of 
the 82078 FIFO can be broken down into two tiers of 
compatibility. For first tier compatibility, the FIFO is 
left in the default disabled condition upon a ‘“‘Hard- 
ware” reset. In this mode the FIFO operates in a 
byte mode and provides complete compability with 
non-FIFO based software. For second tier compati- 
bility, the FIFO is enabled via the CONFIGURE com- 
mand. When the FIFO is enabled, it will temporarily 
enter a byte mode during the command and result 
phase of disk controller operation. This allows for 
compatible operation when interrogating the Main 
Status Register (MSR) for the purpose of transfer- 
ring a byte at a time to or from the disk controller. 
For normal disk controller applications, the system 
designer can still take advantage of the FIFO for 
time critical data transfers during the execution 
phase and not create any conflicts with non-FIFO 
software during the command or result phase. 


In some instances, use of the FIFO in any form has 
conflicted with certain specialized software. An ex- 
ample of a compatibility conflict using the FIFO is 
with software that monitors the progress of a data 
transfer during the execution phase. If the software 
assumed the disk controller was operating in a sin- 
gle byte mode and counted the number of bytes 
transferred to or from the disk controller to trigger 
some time dependent event on the disk media (i.e., 
head position over a specific data field), the same 
software will not have an identical time relationship 
if the FIFO is enabled. This is because the FIFO 
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allows data to be queued up, and then burst trans- 
ferred across the host bus. To accommodate soft- 
ware of this type, it is recommended that the FIFO 
be disabled. 


8.3 Drive Polling 


The 82078 supports the polling mode of the older 
generation 8272A. This mode is enabled upon a re- 
set and can be disabled via the CONFIGURE com- 
mand. This mode is supported for the sole purpose 
of providing backward compatibility with software 
that expects its presence. 


The intended purpose of drive polling dates back to 
8” drives as a means to monitor any change in 
status for each disk drive present in the system. 
Each of the drives is selected for a period of time 
and its READY signal sampled. After a delay, the 
next drive is selected. Since the 82078 does not 
support READY in this capacity (internally tied true), 
the polling sequence is only simulated and does not 
affect the drive select lines (DSO-—DS3) when it is 
active. If enabled, it occurs whenever the 82078 is 
waiting for a command or during SEEKs and RE- 
CALIBRATEs (but not IMPLIED SEEKs). Each drive 
is assumed to be not ready after a reset and a 
“ready” value for each drive is saved in an internal 
register as the simulated drive is polled. An interrupt 
will be generated on the first polling loop because of 
the initial “not ready” status. This interrupt must be 
followed with a SENSE INTERRUPT STATUS com- 
mand from the host to clear the interrupt condition 
for each of the four logical drives. 


9.0 Programming Guidelines 


Programming the 82078 is identical to any other 
8272A compatible disk controller with the exception 
of some additional commands. For the new design- 
er, it is useful to provide some guidelines on how to 
program the 82078. A typical disk operation involves 
more than issuing a command and waiting for the 
results. The control of the floppy disk drive is a low 
level operation that requires software intervention at 
different stages. New commands and features have 
been added to the 82078 to reduce the POMPISMTY 
of this software interface. 


9.1 Command and Result Phase 
Handshaking 


Before a command or parameter byte can be issued 
to the 82078, the Main Status Register (MSR) must 
be interrogated for a ready status and proper FIFO 
direction. A typical floppy controller device driver 
should contain a subroutine for sending command or 
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INITIALIZE TIMEOUT 
COUNTER 
READ MSR 


MSR = 10XXXXXXb ? 


WRITE BYTE TO FIFO 


RETURN 
INCREMENT COUNTER 


COUNTER EXPIRED? 


YES 
TIMEOUT ERROR 
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Figure 9-1. Send__Byte Routine 


parameter bytes. For this discussion, the routine will 
be called ‘“Send__byte”’ with the flowchart shown in 
Figure 9-1. 


The routine loops until RQM is 1 and DIO is 0 indi- 
cating a ready status and FIFO direction is inward. If 
this condition is true, the 82078 is ready to accept a 
command or parameter byte. A timeout counter is 
used to insure software response within a reason- 
able amount of time in case of no response by the 
82078. As a note, the programmer must be careful 
how the maximum delay is chosen to avoid unnec- 
essary timeouts. For example, if a new command is 
issued when the 82078 is in the middle of a_polling 
routine, the MSR will not indicate a ready status for 
the next parameter byte until the polling sequence 
completes the loop. This could cause a delay be- 
tween the first and second bytes of up to 250 us (@ 
250 Kbps). If polling is disabled, this maximum delay 
is 175 ws. There should also be enough timeout 
margin to accommodate a shift of the software to a 
higher speed system. A timeout value that results in 
satisfactory operation on a 16 MHz CPU might fail 
when the software is moved to a system with a 
25 MHz CPU. A recommended solution is to derive 
the timeout counter from a system hardware counter 
that is fixed in frequency from CPU clock to CPU 
clock. 


2-204 


INITIALIZE TIMEOUT 
COUNTER 
READ MSR 


READ BYTE FROM FIFO 


RETURN 
INCREMENT COUNTER 


COUNTER EXPIRED? 


YES 
TIMEOUT ERROR 
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Figure 9-2. Get_Byte Routine 


For reading result bytes from the 82078, a similar 
routine is used. Figure 9-2 illustrates the flowchart 
for the routine ‘“Get__byte”. The MSR is polled until 
RQM is 1 and DIO is 1, which indicates a ready 
status and outward FIFO direction. At this point, the 
host can read a byte from the FIFO. As in the 
Send__byte routine, a timeout counter should be in- 
corporated in case of a disk controller lock-up condi- 
tion. For example, if a disk was not inserted into the 
disk drive at the time of a read operation, the con- 
troller would fail to receive the index pulse and lock- 
up since the index pulses are required for termina- 
tion of the execution phase. 


9.2 Initialization 


Initializing the 82078 involves setting up the appro- 
priate configuration after a reset. Parameters set by 
the SPECIFY command are undefined after a sys- 
tem reset and will need to be reinitialized. CONFIG- 
URE command parameters default to a known state 
after a system reset but will need to be reinitialized if 
the system requirements are different from the de- 
fault settings. This can be accomplished in two 
ways, either issue the individual commands, or issue 
the Restore command (assuming the Save com- 
mand was issued). The Restore command is a suc- 
cinct way to initialize the 82078, this is the preferable 
method if the system power management powers 
the 82078 on and off frequently. The flowchart for 
the recommended initialization sequence of the 
82078 is shown in Figure 9-3. 
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H/W RESET 


DEASSERT S/W 
RESET BIT IN DOR 


ISSUE CONFIGURE 
IF 48MHz EXT. OSC. 
IS USED AS CLK. 


PROGRAM DATA RATE 
VIA CCR OR DSR 


RESTORE COMMAND* 


WAIT FOR INTERRUPT 
ISSUE SENSE INTERRUPT 
STATUS COMMAND 


LOOP 4 TIMES 


READ STO & PCN 


ISSUE SPECIFY 
| ISSUE PERPENDICULAR 
(FOR 4MB DRIVES) 
DRIVE SPECIFICATION 
82078 READY TO 
ACCEPT COMMANDS 
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*Sense Interrupt Status may be required if Restore CMD is not issued within 250 us of trailing edge of H/W reset 


(@1 Mbps). 


Figure 9-3. Initialization Flowchart 


Following a reset of the 82078, the Configuration 
Control Register (CCR) should be reinitialized for the 
appropriate data rate. An external reset via the 
- RESET pin will cause the data rate and write pre- 
compensation values to default to 250 Kbps (10b) 
and 125 ns (000b) respectively. Since the 125 ns 
write precompensation value is optimal for the 5 1%,” 
and 3 ¥” disk drive environment, most applications 
will not require the value to be changed in the initiali- 
zation sequence. As a note, a software reset issued 
via the DOR or DSR will not affect the data rate or 
write precompensation values. But it is recommend- 
ed as a safe programming practice to always pro- 
gram the data rate after a reset, regardless of the 


type. 


Since polling is enabled after a reset of the 82078, 
four SENSE INTERRUPT STATUS commands need 
to be issued afterwards to clear the status flags for 
each drive. The flowchart in Figure 9-3 illustrates 
how the software clears each of the four interrupt 
status flags internally queued by the 82078. It should 


be noted that although four SENSE INTERRUPT 
STATUS commands are issued, the INT pin is only 
active until the first SENSE INTERRUPT STATUS 
command is executed. 


As a note, if the CONFIGURE command is issued 
within 250 ps of the trailing edge of reset 
(@1 Mbps), the polling mode of the 82078 can be 
disabled before the polling initiated interrupt occurs. 
Since polling stops when the 82078 enters the com- 
mand phase, it is only time critical up to the first byte 
of the CONFIGURE command. If disabled in time, 
the system software no longer needs to issue the 
four SENSE INTERRUPT STATUS commands to 
clear the internal interrupt flags normally caused by 
polling. 


The CONFIGURE command should also be issued if 
the system requirements are different from the de- 
fault settings. For example, the CONFIGURE com- 
mand can be used to enable the FIFO, set the 
threshold, and enable Implied Seeks. 
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The non-DMA mode flag, step rate (SRT), head load 
(HLT), and head unload times (HUT) programmed by 
the SPECIFY command do not default to a known 
state after a reset. This behavior is consistent with 
the 8272A and has been preserved here for compat- 
ibility. Thus, it is necessary to always issue a 
SPECIFY command in the initialization routine. 


9.3 Recalibrates and Seeks 


Commands that position the disk head are different 
from the typical READ/WRITE/FORMAT command 
in the sense that there is no result phase. Once a 
RECALIBRATE, SEEK, or RELATIVE SEEK com- 
mand has been issued, the 82078 will return a ready 
status in the Main Status Register (MSR) and per- 
form the head positioning operation as a back- 
ground task. When the seek is complete, the 82078 
will assert the INT signal to request service. A 
SENSE INTERRUPT STATUS command should 
then be asserted to clear the interrupt and read the 
status of the operation. Since the drive and motor 
enable signals are directly controlled through the 
Digital Output Register (DOR) on the 82078, a write 
to the DOR will need to precede the RECALIBRATE 
or SEEK command if the drive and motor is not al- 
ready enabled. Figure 9-4 shows the flow chart for 
this operation. : 


ENABLE DRIVE & MOTOR 
VIA DOR 

ISSUE RECALIBRATE OR 

SEEK COMMAND 
WAIT FOR INTERRUPT 

ISSUE SENSE INTERRUPT 
STATUS COMMAND 
READ STO & PCN 


SEEK FAILURE 


YES 
SEEK COMPLETE 


Figure 9-4. Recalibrate and Seek Operations 
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9.4 Read/Write Data Operations 


A read or write data operation requires several steps 
to complete successfully. The motor needs to be 
turned on, the head positioned to the correct cylin- 
der, the DMA controller initialized, the read or write 
command initiated, and an error recovery scheme 
implemented. The flowchart in Figure 9-5 highlights 
a recommended algorithm for performing a read or 
write data operation. 


Before data can be transferred to or from the disk- 
ette, the disk drive motor must be brought up to 
speed. For most 31/4.” disk drives, the spin-up time is 
300 ms, while the 51/4,” drive usually requires about 
500 ms due to the increased moment of inertia asso- 
ciated with the larger diameter diskette. 


One technique for minimizing the motor spin-up de- 
lay in the read data case is to begin the read opera- 
tion immediately after the motor is turned on. When 
the motor is not initially up to speed, the internal 
data separator will fail to lock onto the incoming data 
stream and report a failure in the status registers. 
The read operation is then repeated until successful 
status is obtained. There is no risk of a data integrity 
problem since the data field is CRC validated. But, it 
is not recommended to use this technique for the 
write data operation even though it requires suc- 
cessful reading of the ID field before the write takes 
place. The data separator performance of the 82078 
is such that locking to the data stream could take 
place while the motor speed variation is still signifi- 
cant. This could result in errors when an attempt is 
made to read the disk media by other disk control- 
lers that have a narrower incoming data stream fre- 
quency bandwidth. 


After the motor has been turned on, the matching 
data rate for the media inserted into the disk drive 
should then be programmed to the 82078 via the 
Configuration Control Register (CCR). The 82078 is 
designed to allow a different data rate to be pro- 
grammed arbitrarily without disrupting the integrity of 
the device. In some applications, it is required to au- 
tomatically determine the recorded data rate of the 
inserted media. One technique for doing this is to 
perform a READ ID operation at each available data 
rate until a successful status is returned in the result 
phase. 
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ENABLE DRIVE & MOTOR 
VIA DOR 
PROGRAM DATA RATE 
VIA CCR 
RECALIBRATE 


nag ed 


TIME > 500 msec 


INITIALIZE DMA 
CONTROLLER 
ISSUE READ OR WRITE 
COMMAND 
INITIALIZE TIMEOUT 
COUNTER 


COUNTER 
TIMEOUT? FDC TIMEOUT ERROR 


FDC INTERRUPT READ/WRITE 
DETECTED? TRIES > 3 


YES 
READ RESULT BYTES RECALIBRATE 


YES YES 
READ/WRITE OPERATION 
OPERATION COMPLETE FAILED 


Figure 9-5. Read/Write Operation 
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lf implied seeks are not enabled, the disk drive head 
must be positioned over the correct cylinder by exe- 
cuting a SEEK command. After the seek is com- 
plete, a head settling time needs to be asserted be- 
fore the read or write operation begins. For most 
drives, this delay should be a minimum of 15 ms. 
When using implied seeks, the minimum head set- 
tling time can be enforced by the head load time 
(HLT) parameter designated in the SPECIFY com- 
mand. For example, a HLT value of 8 will yield an 
effective head settling time of 16 ms for a pro- 
grammed data rate of 500 Kbps. Of course if the 
head is already positioned over the correct cylinder, 
the head settling time does not need to be enforced. 


The DMA controller is then initialized for the data 
transfer and the read or write command is executed. 
Typically the DMA controller will assert Terminal 
Count (TC) when the data transfer is complete. The 
82078 will then complete the current data transfer 
and assert the INT signal signifying it has entered 
the result phase. The result phase can also be en- 
tered by the 82078 if an error is encountered or the 
last sector number equals the End of Track (EOT) 
parameter. 


Based on the algorithm in Figure 9-5, if an error is 
encountered after reading the result bytes, two more 
retries are performed by reinitializing the DMA con- 
troller and re-issuing the read or write data com- 
mand. A persisting failure could indicate the seek 
operation did not achieve proper alignment between 
the head and the track. The disk head should then 
be recalibrated and the seek repeated for a maxi- 
mum of two more tries. Unsuccessful operation after 
this point should be reported as a disk failure to the 
operating system. 
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The disk formatting procedure. involves positioning 
the head on each track and creating a fixed format 
field used for organizing the data fields. The flow- 
chart in Figure 9-6 highlights the typical format pro- 
cedure. 


9.5 Formatting 


After the motor has been turned on and the correct 
data rate programmed, the disk head is recalibrated 
to track 0. The disk is then allowed to come up to 
speed via a 500 ms delay. It is important the disk 
speed has stabilized before the actual formatting to 
avoid any data rate frequency variations. Since the 
format fields contain critical information used by the 
data separator of the disk controller for synchroniza- 
tion purposes, frequency stability of the data stream 
is imperative for media interchangeability among dif- 
ferent systems. 


The ID field data created on the disk during the for- 
mat process is provided by the DMA controller dur- 
ing the execution phase. The DMA controller is ini- 
tialized to send the C, H, R and N values for each 
sector ID field. For example, to format cylinder 7, on 
head 1, with 9 sectors, and a sector size of 2 (512 
bytes), the DMA controller should be programmed to 
transfer 36 bytes (9 sectors < 4 bytes per sector) 
with the following data field: 7,1,1,2, 7,1,2,2, 7,1,3,2, 
... 7,1,9,2. Since the values provided to the 82078 
during the execution phase of the format command 
are directly recorded as the ID fields on the disk, the 
data contents can be arbitrary. Some forms of copy 
protection have been implemented by taking advan- 
tage of this capability. 
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RECALIBRATE 


MOTOR ON 
TIME > 500 msec 


YES 


INITIALIZE DMA 
CONTROLLER 


ISSUE FORMAT TRACK 
COMMAND 
INITIALIZE TIMEOUT 
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FDC TIMEOUT ERROR 
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COUNT 
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FORMAT COMPLETE 
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Figure 9-6. Formatting 


After each head for a cylinder has been formatted, a 
seek operation to the next cylinder is performed and 
the format process is repeated. Since the FORMAT 
TRACK command does not have implied seek capa- 
bility, the SEEK command must be used. Also, as 
discussed in Section 9.2, the head settling time 
needs to be adhered to after each seek operation. 


9.6 Save and Restore 


The Save and Restore commands were developed 
for portable systems that use zero-volt powerdown 


to conserve power. These systems turn off the Voc 
to most of the system and retain the system status 
in a specific location. In older floppy controller de- 
signs, in order for system designers to retrieve the 
floppy controller status, a lot of separate commands 
and register reads were required. The Save com- 
mand stores the key status information in a single 
command, the Restore command restores this infor- 
mation with a single command. These commands 
can be integrated into the SMM module that is re- 
sponsible for zero-volt powerdown. 
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The sequence of initializing the 82078 after a reset 
occurred and assuming a Save command was is- 
sued follows: 


e Issue the Drive Spec command (if the design uti- 
lizes this command) 


e Issue the Restore command 


The Restore command programs the data rate and 
precompensation value via the DSR. It then restores 
the values normally programmed through the Con- 
figure, Specify, and Perpendicular commands. It also 
enables the previously selected values for the AUTO 
Powerdown command. The command then restores 
the PCN values to its previous values. The user is 
responsible for issuing the seek and recalibrate 
commands to restore the head to the proper loca- 
tion. There are some drives that do not recalibrate in 
which case the Restore command will restore the 
previous state completely. The PDOSC bit is retriev- 
able using the Save command, however it is up to 
the system designer to set it correctly. The software 
must allow at least 20 ws to execute the Restore 
command. When using the BOOTSEL bits in the 
TDR, the user must restore or reinitialize these bits 
to their proper values. 


9.7 Verifies 


In some applications, the sector data needs to be 
verified immediately after each write operation. One 
verify technique reinitializes the DMA controller to 
perform a read transfer or verify transfer (DACK # is 
asserted but not RD#) immediately after each write 
operation. Issue a read command to the disk con- 
troller and the resulting status indicates if the CRC 
validated the previously written data. This technique 
has the drawback of requiring additional software in- 
tervention by having to reprogram the DMA control- 
ler between each sector write operation. The 82078 
supports this verify technique but also provides a 
VERIFY command that does not require the use of 
the DMA controller. 


To verify a write data transfer or format track opera- 
tion using the VERIFY command, the software sim- 
ply issues the command with the same format as a 
READ DATA command but without the support of 
the DMA controller. The 82078 will then perform a 
disk read operation without a host data transfer. The 
CRC will be calculated for each sector read and 
compared against the value stored on the disk. 
When the VERIFY command is complete, the status 
register reports detected CRC errors. 
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9.8 Powerdown State and Recovery 


The two power management modes coupled with 
the internal oscillator power management forms an 
important consideration for programming the 82078. 
The recovery of 82078 and the time it takes to 
achieve complete recovery depends on how 82078 
is powered down and how it is awakened. The fol- 
lowing sections describe all the programming con- 
cerns and subtleties involved in using power man- 
agement features of the 82078. 


9.8.1 OSCILLATOR POWER MANAGEMENT 


Section 4.1 covers the power management scheme 
involved in powering down of both an internal and an 
external oscillator. Both types of oscillators face 
drop out effects and require recovery times on the 
order of tens of milliseconds (this may be objection- 
able to some application software). This means that 
if the oscillator is powered down then it is imperative 
for the software to assure enough time for the oscil- 
lator to recover to a stable state. Oscillator power 
management must be controlled by the system soft- 
ware especially to maintain software transparency. 
In cases where the system goes into a standby 
mode (by user request or system time-out), the pow- 
er management software can turn off the oscillator 
to conserve power. This can also be controlled in 
hardware using the Powerdown (PD) pin. Complete 
recovery from an oscillator powerdown state re- 
quires the software to turn on the oscillator suffi- 
ciently ahead of awakening the 82078. 


9.8.2 PART POWER MANAGEMENT 


The part powerdown and wake up modes are cov- 
ered in Section 4.2 in detail. This section is meant to 
address the programming concerns for the part (ex- 
cluding the oscillator) during these modes. 


9.8.2.1 Powerdown Modes 


For both types of powerdown modes—DSR power- 
down and auto powerdown, if reset is used to exit 
the part from powerdown then the internal microcon- 
troller will go through a standard sequence: register 
initialization followed after some delay by an inter- 
rupt. 
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Software transparency in auto powerdown mode is 
preserved by MSR retaining the value of 80H which 
indicates that the part is ready to receive a com- 
mand. This feature allows the part to powerdown 


while maintaining its responsiveness to any applica- 
tion software. 


The PD and IDLE status bits can be monitored via 
the Status Register B (SRB, enhanced AT/EISA 
mode) and in the Digital Input Register (DIR, PS/2 
and Model 30). Since the IDLE pin stays high when 
the 82078 is in idle state, the IDLEMSK bit can be 
used to set the pin low again (as part of a power 
management routine). 


9.8.2.2 Wake Up Modes 


Wake up from DSR powerdown results in the part 
being internally reset and all present status being 
lost. During DSR powerdown the RQM bit in the 
MSR is set. A software or hardware reset will wake 
up the part. 


The case for wake up from auto powerdown is differ- 
ent. The BIOS and application software are very 
sensitive to delays involved in writing the first com- 
mand bytes to the 82078. Most programs have short 
error time-outs in these cases. Such programs would 
not tolerate any floppy disk controller that was un- 
able to receive the first byte of a command at any 
time. The following describes how 82078 uniquely 
sustains its software transparency during wake up 
sequences. 


Prior to writing a command to 82078, it is first neces- 
sary to read the MSR to ensure that the 82078 is 
ready (RQM bit must be set) to receive the com- 
mand. When the part detects a MSR read, it as- 
sumes that another command will follow and begins 
the wake up process. While the part is waking up it 


does not change the state of the MSR (MSR = — 


80H) and is able to receive the command in the 
FIFO. At this point one of the two following scenar- 
ios Can occur. 
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No other command is sent subsequent to the MSR 
read. The part wakes up and initializes the minimum 
power up timer. Upon the expiration of this timer the 
part is once again put in powerdown state. 


Another command follows the MSR read. If the com- 
mand is sent during the part’s recovery from power- 
down, the part remembers the command, clears the 
RQM bit (to prevent further bytes being written) and 
acts on the command once it is fully awake. 


If the MSR was not checked prior to writing of a 
command, the part will proceed as stated above with 
the RQM bit cleared and the command byte held 
until the internal microcontroller is ready. Writing the 
motor enable bits in DOR active will initiate the wake 
up sequence with RQM set high, ready to receive 
any command. 


As it is clear from the above discussion, the immedi- . 
ate access to the floppy disk controller for the first 
command byte is vital to software transparency. The 
recovery of the part from powerdown may involve a 
delay after the first command byte has been issued. 
However, all programs have tolerance for the delay 
after the first command byte is issued. In a powered 
up chip, it is possible for the microcontroller to be in 
its “polling loop’. As a result the tolerance for this 
delay provides an excellent window for recovery of 
the part. 


10.0 DESIGN APPLICATIONS 


10.1 Operating the 82078SL in a 3.3V 
Design 


The design for 3.3V is the same as for 5.0V with two 
exceptions: The SEL3V# pin must be held low to 
select 3.3V operation, and the VCCF pin can be ei- 
ther 3.3V or 5.0V (VCCF can only be 5.0V when 
SEL3V # is high). The VCCF pin allows the controller 
to be operated in mixed (3.3V/5.0V) mode. For ex- 
ample, if the system operates at 3.3V and the floppy 
disk drive operates at 5.0V, the 82078 can be con- 
figured to operate at 3.3V with 5.0V available to the 
drive interface. See Figure 10-1 for a schematic. 
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10.2 Selectable Boot Drive 


Generally a standard personal computer is config- 
ured with a 1.2 Mb 5.25” disk drive and a 1.44 or 
2.88 Mb 3.5” disk drive. Usually the drive connects 
as ‘‘A:” and is the boot drive. At times the user may 
want to configure. ‘‘B:” as the boot drive. Currently 
some BIOS’ use a special implementation in soft- 
ware to accomplish this. The 82078 now offers this 
capability more efficiently by configuring the boot 
drives. 


The 82078 allows for virtual drive designations. This 
is a result of allowing multiplexing the boot drive se- 
lect and motor enable lines. This is shown in the 
Figure 10-2. 


. BOOTSEL1 BOOTSELO 
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The DRIVE SEL1 and the DRIVE SEL2 bits in the 
DOR register decode internally to generate the sig- 
nals DSn. The MEn signals generate directly from 
the DOR register. The DSn and MEn signals get 
mapped to actual FDSn and FDMEn pins based on 
the BOOTSELn bits (selected in the TDR register). 
The exact mapping of BOOTSEL vs. the FDSn and 
FDMEn pins is shown in the following table. 


Mapping: 


FDSO, MEO 
FDS1, ME1 
FDS2, ME2 


FDS1, MEO 
FDSO, ME1 
FDS2, ME2 


FDS2, MEO 
FDS1, ME1 
FDSO, ME2 


FDSO 


FDS1 


FDS2 


zmmooomo 


FDS3 


BOOTSEL1 


FDMEO 
FDME1 
FDME2 
FDME3 


290475-12 


Figure 10-2. Virtual Drive Configuration — 
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The BOOTSELn bits allow users to multiplex the out- 
put drive signals allowing different drives to be the 
boot drive. The DSn and MEn bits are considered 
virtual designations since the DSn and MEn signals 
get remapped to different corresponding physical 
FDSn and FDMEn pins. In other words, once the 
BOOTSELn bits are configured for a non-default se- 
lection, all future references made to the controller 
will be assumed as virtual designations. For exam- 
ple, if BOOTSEL1, BOOTSELO = 10 then DOR[1:0] 
= 00 refers to drive 2 and FDS2, FDME2 lines will 
be activated. Also, if TAPESEL[1:0] = 10, then tape 
mode is selected whenever FDSO, FDMEO are se- 
lected. Note, due to the virtual designations TAPE- 
SEL[1:0] = 00 would never enable tape mode due 
to boot drive restrictions. 


10.3 How to Disable the Native Floppy 
Controller on the Motherboard 


There are occasions when the floppy controller de- 
signed onto the motherboard of a system needs to 
be disabled in order to operate another floppy con- 
troller on the expansion bus. This can be done with- 
out changing the BIOS or remapping the address of 
the floppy controller (provided there is a jumper, or 
another way to disable the chip select on the native 
controller). 


Upon reset, the DOR register in the 82078 is set to 
OOH. If the CS # is left enabled during the POST, the 
DOR is set to OCH, this enables the DMA GATE # bit 
in the DOR. When this bit is set the 82078 treats a 
DACK# and a RD# or WR#¥ as an internal chip 
select (CS#). Bus contention will occur between the 
native controller and the auxiliary controller if the 
DMA GATE# bit becomes active, even if the CS# 
signal is not present. 
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The proper way to disable the native floppy control- 
ler is to disable the CS# before the system is turned 
on. This will prevent the native controller from get- 
ting initialized. Another option is to map the native 
controller to a secondary address space, then dis- 
able the DMA GATE# via the DOR disabling the 


DMA GATE#. This assumes that the native control- 
ler is switchable to a secondary address space. 


10.4 Replacing the 82077SL with a 
82078 in a 5.0V Design 


The 82078 easily replaces the 5.0V 82077SL with 
minimum design changes. With a few exceptions, 
most of the signals are named as they were in the 
82077SL. Some pins were eliminated and other re- 
named to accommodate a reduced pin count and 
smaller package. 


The connections to the AT bus are the same as the 
82077SL with the following exceptions: MFM and 
IDENT have been replaced by IDENT1 and IDENTO. 
The PLLO pin was removed. Configure the tape drive 
mode on the 82078 via the Tape Drive Register 
(TDR). 


The Drive Interface on the 82078 is also similar to 
the 82077SL except as noted: DRVDENO and 
DRVDEN1 on the 82078 take the place of DENSEL, 
DRATEO, and DRATE1 on the 82077SL. The Drive 
Specification Command configures the polarity of 
these pins, thus selecting the density type of the 
drive. The Motor Enable pins (MEO-3) and the Drive 
Select pins (DSO-3) are renamed FDME(0-3) and 
FDS(0-3) respectively on the 82078. 10K pull-up re- 
sistors can be used on the disk interface. See Figure 
10-3 for a schematic of the connection. 
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Pin Changes on the 64 Pin Part: 


INVERT # is removed 
4 NC’s (no connects) are removed 


MFM, IDENT pins on the 82077SL have been 
changed to IDENT1 and IDENTO respectively. 


PLLO pin, which allowed for H/W configuration of 
tape drive mode is no longer available. Tape 
mode can be configured via the TDR register. 


DENSEL, DRATE1, DRATEO pins have been 
substituted by DRVDENO, DRVDEN1. The Drive 
Specification command can be used to configure 
these pins for various requirements of drives 
available on the market. 


RDGATE has been added and can be used for 
diagnostics of the PLL. 
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MEDID1, MEDIDO are new, they return media 
type information to the TDR register. 

DRVID1, DRVIDO return drive type information to 
the TDR register. 

SEL3V# selects between either 3.3V or 5V 
mode. Connecting the pin LOW selects 3.3V 
mode. 

5 VSS pins, 2 VCC pins, 2 VSSP pins, 1 VCCF 
pin, and 1 AVCC and 1 AVSS pin. 

VCCF can be used to interface a 5.0V or a 3.3V 
drive to the 82078 (when SEL3V # is low). 

The Hardware RESET pulse width has changed 
from 170 times the oscillator period to 100 ns 
plus 25 times the oscillator period. 


intel 5 82078 64 PIN 
11.0 D.C. SPECIFICATIONS 


11.1 Absolute Maximum Ratings 


Storage Temperature —65°C to + 150°C 
Supply Voltage —0.5V lo +8.0V 
Voltage on Any Input GND — 2V to 6.5V 
Voltage on Any Output GND —0.5V to Vcc +0.5V 
Power Dissipation 1W 


11.2 D.C. Characteristics T, = 0°C to 70°C, Vgg = AVss = OV 


64 PIN D.C. CHARACTERISTICS 


Vec = +5V +10% 
Parameter 


Vitc  |Input Low Voltage, 
X1 

Vinc {Input High Voltage, 
X1 

V Input Low Voltage 
(all pins except X1) 


IL 
Vin | Input High Voltage 
(all pins except X1) 
L 


System Interface 
FDD Interface 
outputs 

Status Outputs 
(Note 6) 


Vo 


1 Mbps Data Rate 
Vit = Vss, ViH = Voc 


1 Mbps Data Rate 
Vit = 0.45V, Vin = 2.4V 


500 Kbps Data Rate 
Vic = Vss; Vin = Voc 


loca 500 Kbps Data Rate 
Vit = 0.45V, Vin = 2.4V 


82078 64 PIN | ) intel § 


64 PIN D.C. CHARACTERISTICS (icc) (Continued) 


et Voc = +5V + 10% Voc = 3.3V + 0.3V 


Parameter Test 7: Test 
"e Conditions yP Conditions 
Ne Input Load Current 10 pA Vin = Voc 10 pA Vin = Voc 
(all input pins) —10 pA | Vin = OV —10 pA | Vin = OV 
Data Bus Output +10 pA | 0.45 < +10 pA | 0.45 < Vout < Vcc 
Float Leakage Vout < Voc 
NOTES: 


+10 pA 
1. Only the data bus inputs may float. 
2. Tested while reading a sync field of 00“. Outputs not connected to D.C. loads. 
3. Vi_ = Vss, Vin = Voc; Outputs not connected to D.C. loads. 
4. Typical value with the oscillator off. 
5. loc for 2 Mbps Data Rate: Max 40 mA (TTL), 35 mA (CMOS) at 5.5V, typical 29.2 mA (TTL) and 24.4 (CMOS). 
6. Status outputs are PD, IDLE, and RDGATE. 


64 PIN MIXED MODE D.C. CHARACTERISTICS , 


Vec = 3.3V +0.3V, Voce = +5V +10% 
Symbol Parameter 


Input Low Voltage, X1 
Input High Voltage, X1 


ewig 
Input Low Voltage (system pins except X1) 0.8 
(floppy drive interface pins) 0.8 


V 
V Input High Voltage (system interface pins except X1) 
(floppy drive interface pins) 


IL 
IH 
Vo. | System Interface 
FDD Interface outputs Paes Sa lo. = 24mA 
Vou _ |All system outputs ee aay 
All FDD interface outputs b. AO Pe, ttn 
All system outputs ae Mee Le ee te 
All FDD interface outputs Ce): eae 
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CAPACITANCE 
F = 1 MHz, Ta = 25°C 


Input Capacitance 
Clock Input Capacitance Sampled, not 100% Tested 


Input/Output Capacitance 


NOTE: 
All pins except pins under test are tied to AC ground. 


LOAD CIRCUIT A.C. TESTING INPUT, OUTPUT WAVEFORM 


i. ala 
ee oe 
be OO | pr 


2.0 
> TEST POINTS al 
~ 


08 


290475-16 


AG C load 


yss 290475-15 


Cioad = 50 for all logic outputs, 
100 pF for the data bus. 


11.3 Oscillator The 24 MHz clock can be supplied either by a crystal 
or a MOS level square wave. All internal timings are 
referenced to this clock or a scaled count which is 
data rate dependent. 


The crystal oscillator must be allowed to run for 


anda 10 ms after Voc has reached 4.5V or exiting the 
POWERDOWN mode to guarantee that it is stable. 
Frequency: 24 MHz +0.1% 
Mode: Parallel Resonant 
290475-17 Fundamental Mode 


Series Resistance: Less than 400 
Shunt Capacitance: Less than 5 pF 


48 MHz or 24 MHz 


Oscillator xt 


82078SL 


X2 
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12.0 A.C. SPECIFICATIONS 
Ta = 0°C to 70°C, Voc = +5V +10%, +3.3V +0.3V, Vgg = AVsg = OV 


CLOCK TIMINGS 
Clock Rise Time eee ee 10 
Clock Fall Time errs: 10 
Clock High Time(7) 
Clock Low Time(7) 
Clock Period 41.66 
Internal Clock Period(S) en ao ae 


HOST READ CYCLES 
Address Setup to RD# 

RD# Pulse Width 

Address Hold from RD # 

Data Valid from RD # (12) 


Seanalit lective REE Sere 
7 


Comal 


mad 
aS 


- - 


~ 
GN 


a 


oe 
a 
oO 


t11 
t12 Output Float Delay 


(S #125 


[al 
—_ 
ie) 


INT Delay from RD # (16) 


t14 Data Hold from RD# 


HOST WRITE CYCLES 
t15 


Address Setup to WR# 


See ee 
WR # Pulse Width , Pee oes 
Address Hold from WR# Bae: Sas 
Command Inactive ae toes 
Data Setup to WR# 
= ae Data Hold from WR # ee eee: 
INT Delay from WR # (16) ae ae 


DMA CYCLES 


w+ te 


DRQ Cycle Period() P= ee eee 

DACK # to DRQ Inactive eee ae 15 
DRQ to DACK # Inactive (Note 15) 
RD# to DRQ Inactive(4) 

DACK # Setup to RD#, WR# 

26 DACK # Hold from RD#, WR# 


27 DRQtoRD#,WR¥# Active!) | OO | 


<4 
i?) 


oe 
Nh 


t23a 
100 


aa 
NO 
BSS 


t28 Terminal Count Width(1 9) 
t29 TC to DRQ Inactive 
RESET 


t30 “Hardware” Reset Width(5) 
t30a “Software” Reset Width(5) (Note 11) 
t31 Reset to Control Inactive [Rae pene 2 
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A.C. SPECIFICATIONS 
Ta = 0°C to 70°C, Veco = +5V +10%, +3.3V +0.3V, Vgs = AVss = OV (Continued) 


WRITE DATA TIMING 


a 
[0s «| ~—sine Seupwosterat™ [to OSC*dSCOCi 
[ee | Dine votonstere [0 | Si) ns 
[1s | _STEPe aciveTimo ion) [26 | +s 
a A ee Re ee 
[wo | NoeKe Pueowan | s |, 
[et Wee toHDSELe Chango | Note) [iS 
a A 
Ge ee eeecrermn ances bar a a 
a | caine 

| CCRMPRTEON Se” RBG LEST” SR 


tLOCK Lockup Time 


NOTES: 
1. This timing is for FIFO threshold = 1. When FIFO threshold is N bytes, the value should be multiplied by N and subtract 
1.5 ws. The value shown is for 1 Mbps, scales linearly with data rate. 
2. This value can range from 0.5 ms to 8.0 ms and is dependent upon data rate and the Specify command value. 
3. Many timings are a function of the selected data rate. The nominal values for the internal clock period (t5) for the various 
data rates are: 
2 Mbps 1.5x oscillator period = 62.5 ns 
1 Mbps 3x oscillator period = 125 ns 
500 Kbps 6x oscillator period = 250 ns 
300 Kbps 10x oscillator period = 420 ns 
250 Kbps 12x oscillator period = 500 ns 
4. If DACK# transitions before RD#, then this specification is ignored. If there is no transition on DACK#, then this be- 
comes the DRQ inactive delay. 
5. Reset requires a stable oscillator to meet the minimum active period. 
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6. Based on the internal clock period (t5). For various data rates, the Write Data Width minimum values are: 
2 Mbps 2.5x oscillator period —50 ns = 75 ns 
1 Mbps 5x oscillator period —50 ns = 150 ns 
500 Kbps 10x oscillator period —50 ns = 360 ns 
300 Kbps 16x oscillator period —50 ns = 615 ns 
250 Kbps 19x oscillator period —50 ns = 740 ns 
7. Test points for clock high time are 3.5V. Due to transitional times, clock high time max and clock low time max cannot be 
met simultaneously. Clock high time min and clock low time max can not be met simultaneously. 
8. Based on internal clock period (t5). 
9. Jitter tolerance is defined as: 
(Maximum bit shift from nominal position + 1%, period of nominal data rate) x 100% is a measure of the allowable bit 
jitter that may be present and still be correctly detected. The data separator jitter tolerance is measured under dynamic 
conditions that jitters the bit stream according to a reverse precompensation algorithm. 
10. TC width is defined as the time that both TC and DACK# are active. Note that TC and DACK# must overlap at least 
50 ns. 
11. The minimum reset active period for a software reset is dependent on the data rate, after the 82078 has been properly 
reset using the t30 spec. The minimum software reset period then becomes: 
2 Mbps 15x t4 = 62.5 ns 
1 Mbps 3x t4 = 125 ns 
500 Kbps 6x t4 = 250 ns 
300 Kbps 10 x t4 = 420 ns 
250 Kbps 12x t4 = 500 ns 
12. Status Register’s status bits which are not latched may be updated during a Host read operation. 
13. The minimum MFM values for WE to HDSEL change (t41) for the various data rates are: 
2 Mbps 0.5 ms + [4x GPL] 
1 Mbps 0.5 ms + [8 x GPL] 
500 Kbps’ =1.0 ms + [16 x GPL] 
300 Kbps 1.6 ms + [26.66 x GPL] 
250 Kbps 2.0 ms + [32x GPL] 
GPL is the size of gap 3 defined in the sixth byte of a Write Command. 
14. This timing is a function of the selected data rate as follows: 
2 Mbps 0.5 ws Min 
1 Mbps 1.0 ws Min 
500 Kbps = 2.0 us Min 
300 Kbps = 3.3 ws Min 
250 Kbps 4.0 us Min 
15. This timing is a function of the internal clock period (t5) and is given as (24) t5. The values of t5 are shown in Note 3. 
16. The timings t13 and t21 are specified for INT signal in the polling mode only. These timings in case of the result phase 
of the read and write commands are microcode dependent. 


Part Specification 
82078SL 
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Clock Timings 
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82078 64 PIN 
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DRQ, INT, 
WE# 


DMA Cycles 


Terminal Count 
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Write Data Timing 
WE# J \ 


WRDATA# 


Drive Control 


INDEX# 


HDSEL# 


WE# 


NOTE: 
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For overlapped seeks, only one step pulse per drive selection is issued. Non-overlapped seeks will issue all programmed 


step pulses. 


Internal PLL 
t44 


RDDATA# 
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12.1 Package Outline for the 64 QFP Part 


The 82078 addresses the current need of the smaller and thinner packages, for the current market. The size of 
the part is becoming increasingly important in the portable computer market. The QFP part considerably 
reduces the real estate consumed. The package outline, with the appropriate dimensions is given below: 


64-Lead Quad Flatpack Package 
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Description 64 QFP Package. 
| Nominal(mm) | ___ Tolerance (mm) 
st Nac A Ce ee, | 
Al 
1 


oe oe, 


13.0 REVISION HISTORY FOR THE 82078 64 PIN 


The following list represents the key differences between version 002 and version 003 of the 82078 64 pin 
data sheet. 


Lead Thickness C 


Section 5.2.3 Redundant information removed. 

Section 5.2.4 Redundant information removed. 

Section 8.0 Description of IDENTO and IDENT1 changed to clarify their function. 
Section 11.2 New Vol specification added for status pins. 

Table 6-2 Data in table reordered to be consistent. 
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INTRODUCTION 


The evolution of the floppy has been marked in little 
over a decade by a significant increase in capacity ac- 
companied by a noticeable decrease in the form factor 
from the early 8 inch floppy disks to the present day 3.5 
inch floppy disks. This decade will also be remarkable 
as OEMs adopt “Super” dense floppies. 


The most commonly seen floppies today are invariably 
one of the form factors — the 5.25” or the 3.5". Each 
form factor has several associated capacity ranges. The 
5.25” floppies available are: 180 KB (single density), 
360 KB (double density) and 1.2 MB (high density). 
The 3.5” floppies available are: 720 KB (double densi- 
ty) and 1.44 MB (high density). The emerging super 
dense floppies will evolve on the installed base of 3.5” 
floppies. The latest member of this set is the 2.88 MB 
(extra density) floppy, pioneered by Toshiba. The cor- 
nerstone of market acceptance of newer drives is com- 
patibility to the older family. The 2.88 MB (formatted) 
_ floppy drive allows the user to format, read from and 
write to the lower density diskettes. 


As programs and data files get bigger, the demand for 
higher capacity floppies becomes obvious. There are 
several 3.5” higher density drives available from vari- 
ous vendors with capacities well into the 20 MB range. 
NEC has introduced a 13 MB drive and companies 
such as Insite have introduced 20 MB drives. Both 
drives require servo-mechanisms to accurately position 
the head over the right track. NEC’s drive has the stan- 
dard floppy drive interface whereas Insite’s interface is 
SCSI based. The market for these floppy drives will 
remain a niche unless they receive more OEM support. 


Initiated by Toshiba’s research and innovation of the 
higher density 4 MB floppy disk media, the market is 
headed towards the super dense floppy drive. After 
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IBM’s endorsement of the 4 MB (unformatted) floppy 
disk drives on their PS/2 model 57 and PS/2 model 90, 
several OEMs have shown a growing interest in “‘su- 
per” dense floppy disk drives. The latest DOS 5.0 sup- 
ports the new 4 MB floppy media and BIOS vendors 
like Pheonix, AMI, Award, Quadtel, System Soft, and 
Microid all support the newer 4 MB floppy media. 


PURPOSE 


An important consideration to implement the 4 MB 
floppy drive is the floppy disk controller. Intel’s highly 
integrated floppy disk controller, 82077AA/SL, has led 
the market in supporting the 4 MB floppy drive. Two 
ingredients are necessary to fully support these drives: 
1 Mbps transfer rate and the perpendicular recording 
mode. This paper deals with a discussion of what the 
perpendicular mode is and how can a 4 MB floppy disk 
drive be implemented in a _ system using the 
82077AA/SL. 


PERPENDICULAR RECORDING MODE 


Toshiba has taken the 2 MB floppy and doubled the 
storage capacity by doubling the number of bits per 
track. Toshiba achieved this by an innovative magnetic 
recording mode, called the vertical or the perpendicular 
recording mode. This mode utilizes magnetization per- 
pendicular to the recording medium plane. This is in 
contrast to the current mode of longitudinal recording 
which uses the magnetization parallel to the recording 
plane. By making the bits stand vertical as opposed to 
on their side, recording density is effectively doubled, 
Figure 1. The new perpendicular mode of recording not 
only produces sharp magnetization transitions neces- 
sary at higher recording densities, but is also more sta- 
ble. 
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The 4 MB disks utilize barium ferrite coated substrates 
to achieve perpendicular mode of magnetization. Cur- 
rent disks use cobalt iron oxide (Co-g-Fe203) coating 
for longitudinal recording. The barium ferrite ensures 
good head to medium contact, stable output and dura- 
bility in terms of long use. High coercivity is required 
to attain high recording density for a longitudinal re- 
cording medium (coercivity specification of a disk re- 
fers to the magnetic field strength required to make an 
accurate record on the disk). A conventional head 
could not be used in this case; however, the barium 
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ferrite disk has low coercivity and the conventional fer- 
rite head can be used. The new combination heads in- 
clude a pre-erase mechanism, i.e., the ferrite ring heads 
containing erase elements followed by the read/write 
head. These erase elements have deep overwrite pene- 
tration and ensure complete erasure for writing new 
data. The distance between the erase elements and the 
read/write head is about 200mm. This distance is im- 
portant from the floppy disk controller point of view 
and will be discussed in later sections. 


PERPENDICULAR RECORDING 
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pitied 
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MAGNETIZATION 
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LONGITUDINAL RECORDING 
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Figure 1. Perpendicular vs Longitudinal Recording 
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PERPENDICULAR DRIVE FORMAT 
AND SPECIFICATION 


Figures 2a and 2b show the IBM drive format for both 
double density and perpendicular modes of recording. 
The main difference in recording format is the length of 
Gap2 between the ID field and the Data field. The 
main reason for the increased Gap2 length is the pre- 
erase head preceding the read/write head on the newer 
4 MB floppy drives. The size of the data field is main- 
tained at 512 KBytes standard. The increase in the ca- 
pacity is implemented by increasing the number of sec- 
tors from 18 to 36. Table 1 shows the specifications of 
the various capacity 3.5” drives. 


INDEX PULSE 


DATA 
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PERPENDICULAR MODE COMMAND 


The current 82077AA/SL parts contain the “en- 
hanced” perpendicular mode command as shown in 
Figure 3. This is a two byte command with the first 
byte being the command code (0x12H). The 2nd byte 
contains the parameters required to enable perpendicu- 
lar mode recording. The former command (in the older 
82077 parts) included only the WGATE and GAP bits. 
This command is compatible to the older mode where 
only the two LSBs are written. The enhanced mode 
allows system designers to designate specific drives as 
perpendicular recording drives. The second byte will be 
referenced as the PR[0:7] byte for ease of discussion. 
The following discusses the use of the enhanced perpen- 
dicular recording mode. 


SECTOR 01 


wee | peices pane (te Fe ie 
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Figure 2a. Conventional IBM 1 MB and 2 MB Format (MFM) 
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Figure 2b. Perpendicular 4 MB Format (MFM) 
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PERPENDICULAR MODE COMMAND 
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Figure 3. Perpendicular Mode Command 
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Table 1. Specifications of FDDs 


§.25" 
360 KB 


Various Parameters Used 
in the Different Kinds of FDDs. 


3. : 3.5” 
720 KB 2.88 MB 


ae | 
es | ae 


Formatted Capacity 
Unformatted Capacity 
Rotation Speed (rpm) 


Track Density (tpi) 
Recording Density (bpi) 
Data Transfer Rate (Mbps) 


Density Notation 


The following describes the various functions of the 
programmed bits in the PR: — 


OW If this bit is not set high, all PR[2:5] are 
ignored. In other words, if OW = 0, only 
GAP and WGATE are considered. In order 
to select a drive as perpendicular, it is neces- 
sary to sett OW = 1 and select the Dn bit. 


Dn This refers to the drive specification bits and 
corresponds to PR[2:5]. These bits are con- 
sidered only if OW = 1. During the READ/ 
WRITE/FORMAT command, the drive se- 
lected in these commands is compared to 
Dn. If the bits match then perpendicular 
mode will be enabled for that drive. For ex- 
ample, if DO is set then drive 0 will be con- 
figured for perpendicular mode. 


GAP This alters the Gap2 length as required by 
the perpendicular mode format. 


WGATE Write gate alters timing of WE to allow for 
pre-erase loads in perpendicular drives. 


The VCOEN timing and the length of the Gap? field 
(explained above) can be altered to accommodate the 
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512 KB 


unique requirements of the 4 MB floppy drives by GAP 
and WGATE bits of the PR. Table 2 describes the ef- 
fects of the GAP and WGATE bits for the perpendicu- 
lar command. 


82077AA/SL’s PERPENDICULAR 
MODE SUPPORT 


The 82077AA and 82077SL both support 4 MB record- 
ing mode. The 82077SL has power management fea- 
tures included as well. Both AA and SL product lines 
have three versions each out of which two of the ver- 
sions support the 4 MB floppy drives. The 82077AA-1, 
82077AA, 82077SL, and 82077SL-1 all support the 
4 MB floppy drives. A single command puts the 
82077AA/SL into the perpendicular mode. This mode 
also requires the data rate to be set at 1 Mbps. The 
FIFO that is unique to Intel’s 82077AA/SL parts may 
become necessary to remove the host interface bottle- 
neck due to the higher data rate. The 4 MB floppy disk 
drives are downward compatible to 1 MB and 2 MB 
floppy diskettes. The following discussion explains the 
implications of the new 4 MB combination head and 
the functionality of the perpendicular mode command. 
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Table 2. Effects of GAP and WGATE Bits 


The implementation of 4 MB drives requires under- 
standing the Gap2 (see Figures 2a and 2b) and VCO 
timing requirements unique to these drives. These new 
requirements are dictated by the design of the “‘combi- 
nation head” in these drives. Rewriting of disks in the 
4 MB drives requires a pre-erase gap to erase the mag- 
netic flux on the disk preceding the writing by the 
read/write gap. The read/write gap in the 4 MB drive 
does not have sufficient penetration (as shown in Figure 
4a) to overwrite the existing data. In the conventional 
drives, the read/write gap had sufficient depth and 
could effectively overwrite the older data as depicted in 
Figure 4b. It must be noted that it is necessary to write 


RD/WR GAP 


Portion 
veotow | begat | of cepa | teernce 
WGATE Time after P* | written by 
Format : for Read 
index Pulse . Write Data : 
Field Operations 
Operation 
Conventional 33 Bytes 22 Bytes 0 Bytes 24 Bytes 


33 Bytes | 22 Bytes 24 Bytes 
eee ee Perpendicular 33 Bytes | 41Bytes | 38 Bytes 43 Bytes 


1 ——'|_:- Perpendicular 33 Bytes 22 Bytes | 19 Bytes 24 Bytes 
(Data Rate = 500 kbps) 
1 


the conventional 2 MB media in the 4 MB drive at 
500 Kbps perpendicular mode. This ensures proper era- 
sure of existing data and reliable write of the new data. 
The pre-erase gap in the 4 MB floppy drives is activated 
only during format and write commands. Both the pre- 
erase gap and read/write gap are activated at the same 
time. 


As shown in Figure 4a, the pre-erase gap precedes the 
read/write gap by 200mm. This distance translated to 
bytes is about 38 bytes at a data rate of 1 Mbps and 19 
bytes at 500 Kbps. Whenever the read/write gap is en- 
abled by the Write Gate signal the pre-erase gap is acti- 
vated at the same time. 


PRE-ERASE GAP 


a 200 um= 38 bytes 
@ 1 Mbps 
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Figure 4a. Head Design for the 4 MB Perpendicular Mode 
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Figure 4b. Head Design for the Conventional 2 MB Mode 
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In conventional drives, the Write Gate is asserted at the 
beginning of the sync field, i.e., when the read/write is 
at the beginning of the data field. The controller then 
writes the new sync field, data address mark, data field 
and CRC (see Figure 2a). With the combination head, 
the read/write gap must be activated in the Gap2 field 
to ensure proper write of the new sync field. To accom- 
modate both the distance between the pre-erase gap and 
read/write gap and the head activation and deactiva- 
tion time, the Gap2 field is expanded to a length of 41 
bytes at 1 Mbps (see Figure 2b). Since the bit density is 
proportional to the data rate, 19 bytes will be written in 
the Gap2 field at 500 Kbps data rate in the perpendicu- 
lar mode. 


On the read back by the 82077AA/SL, the controller 
must begin the synchronization at the beginning of the 
sync field. For conventional mode, the internal PLL 
VCO is enabled (VCOEN) approximately 24 bytes 
from the start of the Gap2 field. However, at 1 Mbps 
perpendicular mode the VCOEN goes active after 43 
bytes to accomodate the increased Gap? field size. For 
each case, a 2 byte cushion is maintained from the be- 
ginning of the sync field to avoid write splices caused 
by motor speed variation. 


It should be noted that none of the alterations in Gap2 
size, VCO timing or Write Gate timing affect the nor- 
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mal program flow. Once the perpendicular command is 
invoked, 82077AA/SL behaviour from the user stand- 
point is unchanged. 


PROGRAMMING PERPENDICULAR 
MODE 


Figures 5a and 5b show a flowchart on how the perpen- 
dicular recording mode is implemented on _ the 
82077AA/SL. The perpendicular mode command can 
be issued during initialization. As shown in Figure 5a 
the perpendicular command stores the PR value inter- 
nally. This value is used during the data transfer com- 
mands for configuration in order to deal with the per- 
pendicular drives. Table 2 shows how the Gap2 length, 
VCOEN timing or Write Gate timing is affected. The 
OW bit is also tested for in this part of the loop. The 
enhanced perpendicular mode is enabled by setting the 
OW = 1, setting the Dn bits corresponding to the in- 
stalled perpendicular drive high and leaving PR[0:1] = 
‘00’. 


As shown in Figure 5b, the Gap2 length is initially set 
to the conventional length of 22 bytes. Next the 
PR[0:1] bits (GAP, WGATE) are checked if they are 
set to ‘00’. If the PR[0:1] bits are set to ‘10’ then, per- 
pendicular mode is disabled and conventional mode is 
retained. If the PR[0:1] = ‘01’ or ‘11’ the VCOEN is 


GET THE FIRST BYTE 
FROM FIFO 


N 
TEST FOR NEXT 2 
Ro ae 


FIFO —PR[0:7] 


SAVE PR[0:7] 
INTERNALLY 


Figure 5a. Perpendicular Command Handling 
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Figure 5b. During Data Transfer Commands 
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set to activate 43 bytes or 24 bytes from the start of the 
Gap2 field, depending on the value as shown in Table 2. 
After this, PR[0:1] = ‘11’ is checked; if not true (pro- 
grammed ‘O1’) the program is exited with only the 
VCOEN timing being set for perpendicular mode. If 
true, however, the Gap2 length is set up for perpendic- 
ular mode (note: this is done independent of the data 


rate). It must be noted that if the PR[0:1] bits are set to” 


‘11’ then it is up to the user to disable precompensation 
before accessing perpendicular drives. The other branch 
of the flowchart refers to setting of PR[0:1] to ‘00’. In 
this case, the perpendicular command will have the fol- 
lowing effect: 


1. If any of the Dn bits in PR[2:5] programmed high, 
then precompensation is automatically disabled 
(0 ns is selected for the specified drive regardless of 
the data rate) and VCOEN is set to activate appro- 
priately. All the bits that are set low will enable the 
82077 to be configured for conventional mode, i.e., 
exit the program without modifications (shown Fig- 
ure 5b). 


2. Next the data rate is checked for 1 Mbps. If the data 
rate is at 1 Mbps, then Gap2 length is set to 41 
bytes, otherwise, the program is exited without set- 
ting up the Gap2 to 41 bytes. 


It must be noted that if PR[2:5] are to be recognized in 
the command the OW bit must be set high. If this bit is 
low, setting of Dn bits will have no effect. Setting the 
OW bit will enable the storage of the Dn bit. Also set- 
ting PR[0:1] to any other value than ‘00’ will override 
anything written in the Dn bits. In other words, setting 
PR[0:1] to a value other than ‘00’ enables the effect of 
that for all drives. It must be noted that if PR[0:1] bits 
are set to a value other than ‘00’ then it is recommend- 
ed not to use the enhanced command mode, i.e., all 
other bits should be zero. Consider the following exam- 
ples: 


a. PR[0:7] = 0x84; This is the way to use the com- 
mand in the enhanced mode. In this case, the OW 
= 1 and D0 1s set high. During the data transfer 
command, if DO is selected it will be automatically 
configured for perpendicular mode. If D1 is ac- 
cessed, however, it will be configured for conven- 
tional mode. Similarly, if PR[0:7] = 0x88 then D1 
is configured for perpendicular mode and D0 is con- 
figured for conventional mode. Software resets do 
not clear this mode. 
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b. PR[0:7] = 0x03; This is the way to use the com- 
mand in the old mode. If the user decides to use this 
mode, then it must be noted that the command has 
to be issued before every data transfer command. 
Also when used this way, all the drives are config- 
ured for perpendicular mode. The user must also 
remember to disable precompensation and set the 
data rate to 1 Mbps while accessing the perpendicu- 
lar drive in the system. Any software reset clears the 
command. 


c. PR[0:7] = 0x87; In this case, the OW = 1, DO = 1 
and PR[0:1] = 11. This may be called a mixed 
mode and should be refrained from usage. This is 
similar to setting PR[0:7] = 0x03, because setting 
PR[0:1] high overrides automatic configuration. In 
this case the user has to be aware that precompensa- 
tion must be disabled and the data rate must be set 
to 1 Mbps while accessing drive 0. After software 
reset, bits GAP and WGATE will be cleared, but 
OW and D0 will retain their previously set values. 
In other words, after software reset, the part will see 
PR[0:7] = 0x84. Evidently, this would cause prob- 
lems and, therefore, it is recommended this mode 
not be used. 


d. PR[0:7] = 0x80; In this case, the OW = 1, Dn = 
0 and PR[0:1] = 00. This has the effect of clearing 
the perpendicular mode command without doing a 
hardware reset. Another way to do this would be to 
set PR[0:7] = 0x02; this can then be used to tempo- 
rarily disable perpendicular mode configuration 
without affecting the previously programmed Dn 
values. Software reset following this will reenable 
the previously programmed enhanced mode com- 
mand. 


Using the enhanced perpendicular command removes 
the requirement of issuing the perpendicular command 
for each data transfer command and manually setting 
the perpendicular configuration. 


“Software” RESETs (via DOR or DSR registers) will 
only clear the PR[0:1] values to ‘0’. Dn bits will retain 
their previously programmed values. ““Hardware’’ RE- 
SETs will clear all the programmed bits including OW 
and Dn bits to ‘0’. The status of these bits can be deter- 
mined by issuing the dumpreg command and checking 
the 8th result byte. This byte will contain the pro- 
grammed values of the Dn and PR[O0:1] bits as shown 
in Figure 6. The OW bit is not returned in this result 
byte. 
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D3 D2 D1 DO 


Figure 6. Dumpreg Command 


INTERFACE BETWEEN 82077AA/SL AND THE DRIVE 


FDC-FDD 


INTERFACE 


There is currently no industry-wide standard for the 
FDC to FDD interface. There are numerous floppy 
drive vendors, each with their own modes and interface 
pins to enable 4 MB perpendicular mode. The drive 
interface not only varies from manufacturer to manu- 
facturer but also within a manufacturer’s product line. 
The differences on the interface mainly originate from 
configuring the floppy drive into the 4 MB mode. De- 
pending on the drive, the differences can create prob- 
lems of daisy-chaining a 4 MB drive with the standard 
1 MB and 2 MB drives. Of course, for laptops this is 
not a problem since most of them use a single floppy 
drive. Lack of an industry standard makes it necessary 
to look at each drive and build a interface for that par- 
ticular drive. 


The following is a brief discussion about some of the 
floppy drives available in the market and how these can 
be interfaced with the 82077AA/SL. It is important to 
note that although a manufacturer’s name may be given 
in connection with the interface described, Intel does 
not guarantee that the interface discussed will apply to 
all the drives from that manufacturer. The main goal is 
introduce to the reader how to interface the 
82077AA/SL with a 4 MB floppy drive. 


Previously, for the conventional 1 MB and 2 MB AT 
mode drives, a single Density Select input was used by 
floppy drives to select between high density and low 
density drives. A high on this input enabled high densi- 
ty operation (500 Kbps) whereas a low enabled low 
density operation (300 Kbps/250 Kbps). This signal 


292093-9 


was asserted high or low by the floppy disk controller 


depending on the data rate programmed. For the 4 MB 
operation, there are two inputs defined by the floppy 
drive manufacturers. The polarity of these inputs en- 
ables the selected density operation. Implementing this 
requires at least 1 new pin to be defined on the FDC- 
FDD interface. Most floppy vendors have elected to 
take pin 2 (originally density select) and redefine the 
polarity to conform to one of these new density select 
inputs and another pin to be the other density select 
input. However, the new density select on pin 2 is not 
compatible to the old density select input in many of 
the floppy drives. This precludes the user from daisy 
chaining 4 MB drives with conventional drives. Anoth- 
er problem is that the second density select pin varies 
on its location on the FDC-FDD interface from drive 
to drive. 


The way that the BIOS determines what type of disk- 
ette is in what type of drive is by trial and error. The 
system tries to read the diskette at 250 Kbps; if it fails 
then it will set the data rate to higher value and retry. 
The BIOS does this until the right data rate is selected. 
This method will still be implemented for the 4 MB 
drives by some BIOS vendors. However, the 4 MB 
drives available today also have two media sense ID 
pins that relate to the user what type of media is pres- 
ent in the floppy drive. This information will also re- 
quire two pins on the FDC-FDD interface. The loca- 
tion of these pins is once again variable from drive to 
drive. 
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Some manufacturers have circumvented the entire stan- 
dardization problem by including an auto configuration 
in the drive. In these cases, the type of floppy put into 
the drive is sensed by the hole (each 4/2/1 MB diskette 
has a hole in different locations identifying it) on the 
diskette. Then the drive automatically sets itself up for 
_ this mode. The BIOS must obviously set up the floppy 
disk controller for the correct data rate which could be 
done if the media sense ID was read and decoded as to 
the data rate. Due to lack of extra pins on the even side 


of the floppy connector the newer locations of some of | 


the functions are migrating to the odd pins (previously 
all grounded). Some drive manufacturers have even 
made this configurable via jumpers. For instance, the 
new TEAC drives have a huge potpourri of configura- 
tions that would satisfy the appetite of some of the most 
finicky system interfaces. 
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The 82077AA/SL currently has two output pins 
DRATEO and DRATEI (pins 28 and 29 respectively) 
which directly reflect the data rate programmed in the 
DSR and CCR registers. These two pins can be used to 
select the correct density on the drive. These two can 
also be used with the combination of DENSEL to select 
the correct data rate. At the present time the 
82077AA/SL does not support media sense ID. How- 
ever, the user could easily make it readable directly by 
BIOS. The following is a discussion on what combina- 
tion of DRATEO, DRATE1, and DENSEL could be 
used to interface to some of the currently available flop- 
py drives. 


1. TEAC 235J-600/Toshiba PD-211/Sony (Old Version) 


These were among the first 4 MB drives available in the market. Each of them has a mode select input on pins 2 and 
6. The polarity required for each different data rate is as shown below: 


1 | 4Mbps | 


wae toa 


Data DRATE1 | DRATEO MODSELO | MODSEL1 
eet Eras 2 earnia 6 


300 Kbps/ 
1 Mbps 
250Kbps | 1MB | 1 


It is clear from the above that DRATEO = MODSELO and MODSEL1 = DRATE1#. This would mean taking 
the drate signals onto pins 2 and 6 of the FDC-FDD interface. Unfortunately this solution requires an inverting gate. 
TEAC has recently, however, come out with a new version called TEAC 235J-3653. On this drive there are a 
number of possible configurations into which the drive can be put into, however, only the best way to interface to the 
82077AA/SL will be discussed. The requirements are as shown below. This shows that HDIN = DENSEL (original 
signal for conventional drives) and EDIN = DRATEDO. As suggested in the TEAC spec for method 1, the straps 
connected are MSC, HI2 (sets HDIN on pin 2), DC34 and EI6 (sets EDIN on pin 6). Pins 4, 29, and 33 are left 
open. Since pin 2 has the same polarity as the conventional drive requirement and the secondary input is connected 
via pin 6 (no connect on the conventional drives) daisy chaining this TEAC drive with a conventional drive does not 
cause any incompatibility. Figure 7 shows how the TEAC can be connected to the 82077AA/SL. It also shows daisy 
chaining of the TEAC drive with a conventional drive. 


Ses Capacity | DENSEL | DRATE1 | DRATEO ove i | Ss 


es |e [a 


500 Kbps 


| 2MB 

Pra | 
1 Mbps 

| MB 
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82077AA/SL TEAC 235J-3653 


REST OF THE FLOPPY 
SIGNALS CONVENTIONAL DRIVE 


DENSEL 


Figure 7. Interfacing 82077AA/SL to TEAC 235J-3653 
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2. Panasonic JU-259A (New Version) 


This is Panasonic’s new drive and has the HDIN signal on pin 2 and EDIN signal on pin 6. The requirements are 
shown below. This type of interface allows for daisy chaining the Panasonic drive with a conventional drive. The 
DENSEL signal can be connected to pin 2 and the DRATEO should be connected to pin 6. 


Data 
Rate 
500 Kbps 


3. Mitsubishi MF356C (Model 252UG/788UG) 


There are two models of this drive. The 252UG has DENSELI on pin 2 and DENSELO on pin 33, whereas the 
788UG has DENSELO located on pin 2 and DENSEL] located on pin 6. Via jumpers, it is possible to configure the 
drives to different polarity for the density select line. The following table shows the configuration for the 252UG in 
which jumper setting is 2MS = I/F and 4 MS = I//F. 


300 Kbps/ 
1 Mbps 
250 Kbps 


The correct connection requirement is: DENSEL (from 82077AA/SL) = DENSEL1 and DRATEO = DENSELO. 
Although there are other configurations, this provides the best one, since daisy chaining is possible without any 
problem. 


4. Epson SMD-1060 


This drive has 3 different modes of operation. Mode B is the best and is similar to Mitsubishi’s drives as described 
above. In this mode, HDI signal is connected to pin 2 and EDI is connected to pin 33. Mode B is enabled by 
inserting jumpers across 3-4 and 7-8 (SSO1 B block) and 1-2 and 3-4 (SSO3 block) for the drive with the power 
separated type (i.e., a connector for the floppy signals and another one for power supply) of 34-pin connector. 


As demonstrated by the table. HDI = DENSEL and EDI = DRATEDO. These connections would ensure daisy 
chaining capability without any problems. 
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5. Sony MP-F40W-14/15 


The dash 14 and 15 are two drives from Sony that handle 4 MB requirements. The MP-F40W-14 has the DENSITY 
SELECT 1, DENSITY SELECT 0 on pins 2 and 33 respectively, whereas the MP-F40W-15 has the DENSITY 
SELECT 1, DENSITY SELECT 0 on pins 2 and 6 respectively. As it is obvious from the table below, daisy chaining 
is easily done if the 82077AA/SL is connected in the PS/2 mode (by tying IDENT low) with either type of drive, the 
only difference being the location of DENSITY SELECT 0. 


Data DENSEL | DENSITY | DENSITY 
Rate PS/2 mode | DRATE1| DRATEO| SELECT1/} SELECTO 


pin 6/33 


SO Mae 

ae ES SN 
300 Kbps/|_ 4MB 1 1 1 
Soe ae ee 
fasoxbes| twa | 1 | + | 0 | 1 


If the drive is used in the PS/2 mode, then DENSITY SELECT! = DENSEL and DENSITY SELECTO = 
- DRATEO. To use the drive in AT mode, DENSITY SELECT1 = DRATE1 and DENSITY SELECTO = 
DRATEO, as shown below. However, daisy chaining is not possible. 


Data DENSEL DENSITY | DENSITY 
Rate PS/2 mode | DRATE1| DRATE0O| SELECT1| SELECTO 


(IDENT = 0) 


300 Kbps/| 4MB 1 
1 Mbps 


: 


6. Toshiba ND3571 


Toshiba MB drive has the HD mode selection on pin 6 and ED mode selection on pin 2. This causes daisy chaining 
problems with conventional drives as shown in the figure below: 


Data ED Mode | HD Mode 
300 Kbps/ 4 
1 Mbps 


ime Lae [oa [1 yt p+ 41 
See SON TS ON Was AT 

yal a ee ed Oe 

Tasoxops| ima | o [1 [0 | o | 0 


500 Kbps | 2MB 
The DENSEL from the 82077 is connected to pin 6 and DRATEO is connected to pin 2. 
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82077SL 4 MB DESIGN 


This section presents a design application of a PC/AT 
compatible floppy disk controller. The 82077SL inte- 
grates the entire PC/AT controller design with the ex- 
ception of the address decode on a single chip. The 
schematic for this solution is shown in Figure 8. The 
chip select for the 82077SL is generated by a 85C220 
PLD that is programmed to decode addresses 03 FOH 
through 03F7H when AEN is low. The programming 
equations for the »PLD is in the Intel’s .ADF format 
and can be processed using the IPLSII compiler (avail- 
able from Intel). 


A floppy disk interface is provided by on-chip output 
buffers with a 40 mA sink capability. The outputs from 
the disk drive are terminated at the floppy disk control- 
ler with a 1 K{Q resistor pack. The 82077SL disk inter- 
face inputs contain a Schmitt trigger input structure for 
higher noise immunity. The host interface is a similar 
direct connection with on-chip 12 mA sink capable 
buffers on DBO-7, INT and DRQ. 


ss | 

intel. 
The schematic shows eleven jumpers numbered J1 
through J11. The table below describes the functions of 
these jumpers as well as their normal connections. The 
normal connections allow the BIOS to work without 
modification. In the normal mode, the 82077SL re- 
sponds to DRQ2 and DACK2# as well as IRQ6. De- 
pending on the type of drive interfaced to this board, 
the DENOUTO and DENOUT1 signals can be tied. 
With the setting to 2—3 on J8 and J9, the default setting 
is DENSEL on DRVDENO and DRATEO on 
DRVDEN 1. PIN6/33 SELECT is used to set for pin 6 
as the EDIN input. The J11 should always be closed. It 
can be used to measure the current consumption of 
82077SL. J7 selects between the primary and secondary 
address spaces. There are two resistor packs used for 
pullups on input signals from the floppy drive interface. 
These resistors are rated at 1K. Please note that if using 
older 5.25” drives, the pullup on some of them is 1502. 
Most modem 5.25” drives use a 1K value. In order to 
ensure the correct value please refer to the floppy drive 
specification manual. 


For further information, please contact your local Intel 
sales office. 


de 

Connection 
[ai | DRO’: DMA request 1 used with DACK'# toallow for DMA transfers | Open 
[se DRG2: DMA request 2 used with DACK2# to allow for DMA transfers | __Closed 
[sa | DACKt: DMA acknowledge 1 used with DRT to allow for DMA transfers | Open 
[14 | DACK2: DMA acknowledge 2 used with DRG2 to allow for DMA transfers | Closed _ 
[15 | IOS: interuptine 5 usedto generate loppyinterupts | Open 
[46 | ROG: Interuptiine 6 used to generate floppy interupts _——=SSSS*d;~CClosed 
| -u7__| Dave: 
Li 
ple 
Om 


DENOUTO: Used with DENOUT1 to select the values of DRVDEN1,0 
DENOUT1: Used with DENOUTO to select the values of DRVDEN1,0 
PIN6/33 SELECT: Used to select between pin 6 and pin 33 for EDIN input 1-2o0r 2-3 


DRV2: Address selection (between 3FX and 37X address ranges) Os. pee 
Vep/Vcc: Connection between two power layers 
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Svce-c 


pseog uoHenjeAz 1$22028 8 eunbi4 


vcc 
\4 
U1 
DENOUTO 

= s+ INP1/CLK I/0.1 
SA9__é | tup2 I/0.2 
ee ee INP3 1/0.3 
y ——_——sa4—-4- INP4 I/o.4 
lee INPS I/o.5 
a | ee INP7 I/0'. 7 
=] INPS I/0.8 
INPS oO 


85C220 


s 

Bebe! 3) a Tc DRATEO 
v— S05|__4 | 0 ..of—eL }H—£4 DRG ORATE1 
/ —ee | nee 5 RAD# DENSEL 
om SD eye O O — wRe DRV2 
Vette | | P-384 ese NC —4 
y—pbit 8 | H+ —35] RESET = INDX 
oe eee TT] TOENT ee 
SS Ta ee. OSs 
| + 88 PO oe 
38) IDLE ME 4 
-——__— | NC_2 ta 
5 NC_3 STEP 

memes mre 


WRDATA 


‘il lac 


+5V (B29) 
Ai 414.3MHZ 
GND 


N62077SL 


RP2 (VALUE = 10K) 
vcc 


RP1 (VALUE = 1K) 
vcc 


vcc VBB 
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8SE-dV 


Shwe 


AP-358 ; ntel : 


Designer: K. Shah 

Company: Intel Corp. 

Dept: IMD Marketing 

Date: April '92 

Rev.#: 

% The wPLD used in the 82077SL Evaluation board design, Rev.#1.0. % 
85C220 dip package 


OPTIONS: TURBO = ON 
PART: 85C220 


INPUTS: 

SA9@2, % System Address Inputs % 

SA8@3, ; 
SA7@4, 

SA6@5, 

SA5@6, 

SA4@7, 

SA3@8, 

AEN@9, 


DENOUTO@1, % Maps the DRVDENO and DRVDEN1 to appropriate polarity table % 
DENOUT1@18, % Maps the DRVDENO and DRVDEN1 to appropriate polarity table % 


e+ 


ADDSEL@11, % Selects between primary and secondary address spaces % 


DRATEO@12, % DRATEO signal from the 82077SL % 
DRATE1@13, % DRATE1 signal from the 82077SL % 
DENSEL@14 % DENSEL signal from the 82077SL % 


OUTPUTS: 
CS_@15, % 82077SL chip select signal % 


DRVDEN1@16, % Drive density signal connected to EDIN of the drive % 
DRVDENO@17 % Drive density signal connected to HDIN of the drive % 


NETWORK : 
% Inputs % 


INP (SAQ) 

INP (SA8) 

INP (SA7) 

INP (SA6) 

INP (SAS) 

INP (SA4) 

INP (SA3) 

INP (AEN) 

INP (ADDSEL) 

INP (DRATEO) 
INP (DRATE1) 
INP (DENSEL) 
INP (DENOUTO) 
INP (DENOUT1) 


n 

> 

@ 
“LT th eH 


2 

la | 

3 | 

te 
nt hw 


DENOUT1 
% Outputs % 
CS. = CONF(CSeq, Voc) 


DRVDENO = CONF (DENOeq, Vcc) 
DRVDEN1 = CONF (DEN1leq, Voc) 
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EQUATIONS: 


% CS_is activated for 3F0=-3F7 and 370-377 address spaces % 


CSeq = (AEN' * SAQ * SAS * SA7' * SA6 * SAS * SA4 * SA3' * ADDSEL' 
+ AEN' * SAQ * SAS * SA7 * SAG * SAS * SA4 * SA3' * ADDSEL)'; 


% These are the signals generated on DRVDENO and DRVDEN1 for the FDC=-FDD 
interface 
DENOUT1 DENOUTO DRVDENO DRVDEN1 
DRATEO 
DRATEO 
DRATEO 
DRATE1 


DENOeq = DENSEL * (DENOUTO' * DENOUT1') + DENSEL' * (DENOUTO * DENOUTL') 
+ DRATE1 * (DENOUTO' * DENOUT1) + DRATEO * (DENOUTO * DENOUT1) ; 
DENleq = DRATE1 * (DENOUTO * DENOUT1) + DRATEO * (DENOUTO' + DENOUTL') ; 


82077SL Application Note Revision Summary 


The following changes have been made since revision 001: 
Table 2 kBps was corrected to kbps. 


Page 12 3. Mitsubishi MF356C description modified to read: “There are two models of this drive. The 252UG has 
DENSEL! on pin 2 and DENSELO on pin 33, whereas the 788UG has DENSELO located on pin 2 and 
DENSEL1! located on pin 6. Via jumpers, it is possible to configure the drives to different polarity for the 
density select lines. The following table shows the configuration for the 252UG in which jumper setting is 
2 MS = I/F and 4 MS = I/F.” 

Figure 8 Arrow added to diagram. 


Page 17 Columns corrected to line up properly. 


2-245 


~— 
re a 
* - 
. *» 
— . : 
¥ e 
ay * 
: . eas 2 
¢ 
# = : 
; ~ 
; - 
} * 
7 o 
8 ‘ 
o m= - ; / 
_ . 
ee 
Pi r : j 
® \ . ; 
nm , 
; 
* os j 
: ‘ 
- > ss ‘ 
ra 1s a = wr 7 
- « | 
A ~, 
, \ a 
¥ 3 . | 
° 
md * - } 
; . 
Pe » 
‘ - - +? . . 
‘ 
~ P : 
ry ¢ - 7 : ; : ; 
° - ; 
° ° : 
— . - : . : 
. “ ' 
. * 
ue - : ; 7 
’ 
. - 
- : 
e 
| ‘ 
: s : : : f 
4 « 
y ¢ 
P 
‘ 
- 
. 
« 
, 
* 
‘ 
: a 
| . 
i a 
; ° 
. 
7 ‘ 
‘ 
id 2 2 ' : 
© aa e a <“ - 
; * 
* 
: a * - 
. 
, = 
5 
° 
1 
7 . 
* 
; *. 
” 
. . 
' 
. 
¥ 
‘ « 
7 = 
“ 
7 oe ~ fi » . 
= d 
-_ il i) . i ; 
Ae ; <a é i. wees yep ee 
3 eo @ ao = 
. 9... mp ~< 6X ew ars | el | » - 
i , ee ee he 
a ol = : bs +27 26 Ee re ene. z x as 
. < . - gs ees _ 
f : jovial Aes _ - r 4 ‘ —- 4 - 
‘ 


Memory Controllers 3 


. = 
Pi 
, . * a \ 
> 
a 
~_ 
~ . ~~ aa 4 ra 
— ‘ Z we ae 
ig » 
“ ‘. . 
“ ? > - & 
* ~ 
- *. 
. = 
- 
ol - 
~~ » 
_— . 
,* . Pa - - 
» ' ‘ji 7 
— 2 - ¥ » - -_ é 
~ 1 » . 
— = ; 
.- 9 
om. . 
. - 
~ _ - 
* - 
a . mee * 
. 
é — * 
¢?@ 7 * — Pa 
. . 
- . — . 
< 
“ -™ 
° . 
wd ‘ 
P . = . ‘ - 4 
, = . : ‘ a 
- a - 
” a> fe ° i 
"\ i q 
- 64 - > 
- « 
. 
‘ 
* 
. * 
- * 
« 
= 
. 
' o 
® 
- << . ad s 
-_ 5 
. “ 
. 
. 
. 
~ = . 
a 
. > 7 ’ 
e . 
i 
- “ 
- . 
_ 
- . 
- , ’ 
- ‘a 
7 %, " . « 
j - 
i 
vs . 
° 
i . ‘ 
tog ™ = *, 
- 
‘ 
* , 
_ * 
. . 
- 
. i. 
» - ‘ 
‘ * 
’ 
- ‘ - 
- 
* , 
ad 7 & ' 
- - x ? i a 
™ 2 
a Py 7 ; 
et > Me > : = e ap * 
mT a = 4 “7 * ae . 
~ ae r ; = = . ; 
é - * 
=e eS a. S - . : <n i 
# afl ~ 
ar » : o 
et : > 7 a, | p sll » 2. Pa . 
be a « 
— y * a = “~.... , oa. oa ’ ~ aea*k « — 


8206 
ERROR DETECTION AND CORRECTION UNIT 
m Detects All Single Bit, and Double Bit | m Separate Input and Output Busses—No 
and Most Multiple Bit Errors Timing Strobes Required 

@ Corrects All Single Bit Errors = Supports Read With and Without 

; Correction, Writes, Partial (Byte) 
- eee = —~ Writes, and Read-Modify-Writes 

beenckinn sf nk el = HMOS III Technology for Low Power 


m 68 Pin Leadiess JEDEC Package 
m@ 68 Pin Grid Array Package 


m Syndrome Outputs for Error Logging 
m@ Automatic Error Scrubbing with 8207 
m@ Expandable to Handle 80 Bit Memories 


The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206 
handles 8 or 16 data bits and up to 8 check bits. 8206’s can be cascaded to provide correction and detection 
for up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and 
error logging. 


1 
oI DATA IN 
Ne LATCH POS 
READ "0-1 


PARTIAL PARITY 
GENERATOR 


STB 


CHECK BIT 
CBI/SY197 / LATCH 


8 
SYO/CBO/PPO9, € 7 


CRCT 


SYNOROME 
DECODER 
AND 


CHECK BIT 
SYNOROME 

PARTIAL PARITY 
GENERATOR 


16 
TZ K__ »00/WD ig. 


DATA 
canok 7) CORRECTION 
DETECTION 


PPI/POS/NSL 
4 
‘ NSLy, 


WRITE 
7—| PARTIAL PARITY 


aad 


M/S 


GND +5V 
SEOCU AIW Vss Vec WZ = BM g., 


205220-1 
Figure 1. 8206 Block Diagram | 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


September 1987 
Order Number: 205220-008 3-1 
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8207 
DUAL-PORT DYNAMIC RAM CONTROLLER 
m Provides All Signals Necessary to m@ Fast Cycle Support for 8 MHz 80286 
Control 16K, 64K and 256K Dynamic with 8207-16 . 
RAMs g Slow Cycle Support for 8 MHz, 10 MHz 
m Directly Addresses and Drives up to 2 8086/88, 80186/188 with 8207-8, 
Megabytes without External Drivers 8207-10 
= Supports Single and Dual-Port - Provides Signals to Directly Control the 
Configurations 8206 Error Detection and Correction 
m Automatic RAM Initialization in All Unit 
Modes | @ Supports Synchronous or 


= Four Programmable Refresh Modes Asynchronous Operation on Either Port 


i m 68 Lead JEDEC Type A Leadless Chip 
: Ma sali nga os spl te Carrier (LCC) and Pin Grid Array (PGA), 


Both in Ceramic. 


The Intel 8207 Dual-Port Dynamic RAM Controller is a high-performance, systems-oriented, Dynamic RAM 
controller that is designed to easily interface 16K, 64K and 256K Dynamic RAMs to Intel and other microproc- 
essor systems. A dual-port interface allows two different busses to independently access memory. When 
configured with an 8206 Error Detection and Correction Unit the 8207 supplies the necessary logic for design- 
ing large error-corrected memory arrays. This combination provides automatic memory initialization and trans- 
parent memory error scrubbing. 


ERROR 
LOCK FWR cE 


ROA 
WRA —»} TOR anor | LEN 
PCTLA thay XACKA/ACKA 
PEA XACKB/ACKB 
AACKB/RW 
REQUEST M 
REGISTER ee — PORTA aie esT6 
ADS MUX/PCLK 
WRB PORT B PSEL 
PCTLB INTER ms B REQUEST PSEN 
PER FACE WE 
DIRECT REQUEST BUS Memaeres< 4 REQUEST : 
REFRESH & BAM 
RFRQ INTER- facad 
FACE RATIO pou BUS *- cas 
_ 0 


aaa REFRESH 
IME 
bd nee CONTROL 


sities 
one a eo 
i rs BANK cane ay 
ween | 
SCRUB 
ADDRESS cowumn 


Atos Bm i koe a 


ADORESS 
Weal a et 


os |, CREE, 
210463-1 
Figure 1. 8207 Block Diagram 
The complete document for this product is available on Intel’s “Data-on-Demand”’ CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or ede 1-800-548-4725. 
September 1987 
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. 82C08 
CHMOS DYNAMIC RAM CONTROLLER 
m@ O Wait State with INTEL Processors m@ Directly Addresses and Drives up to 
m iAPX 286 82C08-20 20 MHz 1 Megabyte without External Drivers 
(10, 8 MHz) 82C08-16 16 MHz m@ Microprocessor Data Transfer and 
iAPX 186/88 82C08-10 10 MHz Advance Acknowledge Signals 
86/88 ) 82C08-8 8 MHz 


m Five Programmable Refresh Modes 
m@ Automatic RAM Warm-up 
& Pin-Compatible with 8208 
m 48 Lead Plastic DIP; 68 Lead PLCC 


(See Intel Packaging; Order Number: 231369-001) 


= Compatible with Normal Modes of 
Static Column and Ripplemode DRAMs 


m@ Supports 64K and 256K DRAMs 
(256K x 1 and 256K x 4 Organizations) 


m& Power Down Mode with Programmable 
Memory Refresh using Battery Backup 


The Intel 82C08 Dynamic RAM Controller is a CMOS, high performance, systems oriented, Dynamic RAM 
controller that is designed to easily interface 64K and 256K Dynamic RAMs to Intel and other microproces- 
sors. The 82C08 also has a power down mode where only the refresh logic is activated using battery backup. 


Vcc/VPp 
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68 66 64 62 60 S58 56 54 52 
EL 


68 LEAD PLCC 
82C08 
TOP VIEW 
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JUUUU 
30_ 32_ 34 
9 31 33 


2 
231357-35 


JU UU UU UU UU 
18 20 22 24 26 28 
19 21 23 25 27 


Figure 1. Block Diagram and Pinout Diagrams 


The complete document for this product is available on Intel’s “Data-on-Demand”’ CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 

September 1990 

Order Number: 231357-008 3-3 
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CHAPTER 1 
INTRODUCTION 


Accompanying the introduction of microprocessors 
such as the 8088, 8086, 80186 and 80286 there has been 
a rapid proliferation of intelligent peripheral devices. 
These special purpose peripherals extend CPU per- 
formance and flexibility in a number of important 
ways. 


Table 1-1. Intelligent Peripheral Devices 


- 8255 (GPIO) Programmable Peripheral 
Interface 


8253 (TIMER) Programmable Interval Timer 
8257 (DMA) Programmable DMA Controller 


8259 Programmable Interrupt 
Controller | 
82077AA Programmable Floppy Disk 
_ |Controller 
8273 (SDLC) Programmable Synchronous 
Data Link Controller 


Programmable Multiprotocol- 
Serial Communications 
Controller 


Programmable 
Keyboard/Display Controller 

8291A, 8292, 8293) Programmable GPIB System 

Talker, Listener, Controller 

Intelligent devices like the 82077AA floppy disk con- 
troller and 8273 synchronous data link controller (see 
Table 1-1) can preprocess serial data and perform con- 
trol tasks which off-load the main system processor. 
Higher overall system throughput is achieved and soft- 
ware complexity is greatly reduced. The intelligent 
peripheral chips simplify master processor control tasks 
by performing many functions externally in peripheral 
hardware rather than internally in main processor soft- 
ware. 


Intelligent peripherals also provide system flexibility. 
They contain on-chip mode registers which are pro- 
grammed by the master processor during system initial- 
ization. These control registers allow the peripheral to 
be configured into many different operation modes. The 
user-defined program for the peripheral is stored in 


main system memory and is transferred to the peripher- 
al’s registers whenever a mode change is required. Of 
course, this type of flexibility requires software over- 
head in the master system which tends to limit the ben- 
efit derived from the peripheral chip. 


In the past, intelligent peripherals were designed to 
handle very specialized tasks. Separate chips were de- 
signed for communication disciplines, parallel I/O, 
keyboard encoding, interval timing, CRT control, etc. 
Yet, in spite of the large number of devices available 
and the increased flexibility built into these chips, there 
is still a large number of microcomputer peripheral 
control tasks which are not satisfied. 


With the introduction of the Universal Peripheral In- 
terface (UPI) microcomputer, Intel has taken the intel- 
ligent peripheral concept a step further by providing an 
intelligent controller that is fully user programmable. It 
is a complete single-chip microcomputer which can 
connect directly to a master processor data bus. It has 
the same advantages of intelligence and flexibility 
which previous peripheral chips offered. In addition, 


-UPIs are user-programmable: it has 1K/2K bytes of 


ROM or EPROM memory for program storage plus 
64/128/256 bytes of RAM memory UPI-41A, 
41AH/42, 42AH respectively for data storage or ini- 
tialization from the master processor. The UPI device 
allows a designer to fully specify his control algorithm 
in the peripheral chip without relying on the master 
processor. Devices like printer controllers and key- 
board scanners can be completely self-contained, rely- 
ing on the master processor only for data transfer. 


The UPI family currently consists of seven compo- 

nents: 

© 8741A microcomputer with 1K EPROM memory 

e 8741AH microcomputer with 1K OTP EPROM 
memory 

e 8041AH microcomputer with 1K ROM memory 

® 8742 microcomputer with 2K EPROM memory 

© 8742AH microcomputer with 2K “OTP” EPROM 
memory 

@ 8042AH microcomputer with 2K ROM memory 


© 8243 I/O expander device 


The UPI-41A/41AH/42/42AH family of microcom- 
puters are functionally equivalent except for the type 
and amount of program memory available with each. 
In addition, the UPI-41AH/42AH family has a Signa- 
ture Row outside the EPROM Array. The UPI-41AH/ 
42AH family also has a Security Feature which renders 
the EPROM Array unreadable when set. 
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All UPI’s have the following main features: e Interval timer/event counter 
@ 8-bit CPU © Two 8-bit TTL compatible I/O ports 
© 8-bit data bus interface registers . © Resident clock oscillator circuits 


The UPI family has the following differences: 


Table 1-2 


UPI-41A UPI-42 UPI-41AH UPI-42AH 


1K x8 EPROM 2K x 8 EPROM 1K x 8 ROM 2K x 8 ROM 
or 1Kx8OTP or 2K x8 OTP 
64 x 8 RAM 128 x 8 RAM 128 x 8 RAM 256 x 8 RAM 


*Set Security Feature 
**Signature Row Feature 
32 Bytes with: 

1. Test Code/Checksum 
2. Intel Signature 
3. Security Byte 
4. User Signature 


PROGRAMMING 


UPI-41A UPI-42 : UPI-41AH/UPI-42AH 


Vop = 25V 21V 12.5V 
Ipbp = 50 ms 50 mA 30 mA 
EA = 21.5V-24.5V 18V 12.5V 
VpH = 21.5V-24.5V 18V 20.V-5.5V 


TPW = 50ms 50 ms 
PIN DESCRIPTION 
UPI-41A/UPI-42 


(T1) T1 functions as a test input which can be 
directly tested using conditional branching 
instructions. It functions as the event timer input 
under software control. 


ims 


UPI-41AH/UPI-42AH 


T1 functions as a test input that can be directly 
tested using conditional branching instructions. It 
works as the event timer input under software 
control. It is used during sync mode to reset the 
instruction state to S1 and synchronize the 
internal clock to phase 1. 


(SS) Single step input used with the sync 
output to step the program through each 
instruction. 


Single step input used with the sync output to 
step the program through each instruction. 

This pin is used to put the device in sync mode by 
applying + 12.5V to it. 


Port 1 (P10—P17): 8-bit, Quasi-Bidirectional I/O 
Lines. P10-—P17 access the Signature Row and 
Security Bit. 


Port 1 (P10-—P17): 8-bit, Quasi-Bidirectional I/O 
Lines. 


NOTES: 
*For a complete description of the Security Feature, refer to the UPI-41AH/42AH Datasheet. 
**For a complete description of the Signature Row, refer to the UPI-41AH/42AH Datasheet. 
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HMOS processing has been applied to the UPI family 
to allow for additional performance and memory capa- 
bility while reducing costs. The UPI-41A/41AH/42/ 
42AH are all pin and software compatible. This allows 
growth in present designs to incorporate new features 
and add additional performance. For new designs, the 
additional memory and performance of the UPI- 
41A/41AH/42/42AH extends the UPI ‘grow your 
own solution’ concept to more complex motor control 
tasks, 80-column printers and process control applica- 
tions as examples. 


The 8243 device is an I/O multiplexer which allows 
expansion of I/O to over 100 lines (if seven devices are 
used). All three parts are fabricated with N-channel 
MOS technology and require a single, 5V supply for 
operation. 


INTERFACE REGISTERS FOR MULTI- 
PROCESSOR CONFIGURATIONS 


In the normal configuration, the UPI-41A/41AH/42/ 
42AH interfaces to the system bus, just like any intelli- 
gent peripheral device (see Figure 1-1). The host proc- 
essor and the UPI-41A/41AH/42/42AH form a loose- 
ly coupled multi-processor system, that is, communica- 
tions between the two processors are direct. Common 
resources are three addressable registers located physi- 
cally on the UPI-41A/41AH/42/42AH. These reg- 
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isters are the Data Bus Buffer Input (DBBIN), Data 
Bus Buffer Output (DBBOUT), and Status (STATUS) 
registers. The host processor may read data from 
DBBOUT or write commands and data into DBBIN. 
The status of DBBOUT and DBBIN plus user-defined 
status is supplied in STATUS. The host may read 
STATUS at any time. An interrupt to the UPI proces- 
sor is automatically generated (if enabled) when 
DBBIN is loaded. 


Because the UPI contains a complete microcomputer 
with program memory, data memory, and CPU it can 
function as a “Universal” controller. A designer can 
program the UPI to control printers, tape transports, or 
multiple serial communication channels. The UPI can 
also handle off-line arithmetic processing, or any num- 
ber of other low speed control tasks. 


POWERFUL 8-BIT PROCESSOR 


The UPI contains a powerful, 8-bit CPU with as fast as 
1.2 psec cycle time and two single-level interrupts. Its 
instruction set includes over 90 instructions for easy 
software development. Most instructions are single byte 
and single cycle and none are more than two bytes long. 
The instruction set is optimized for bit manipulation 
and I/O operations. Special instructions are included to 
allow binary or BCD arithmetic operations, table look- 


- up routines, loop counters, and N-way branch routines. 


UPI-41A/41AH 
/42/42AH 


CONTROL 
BUS 


ADDRESS 
BUS 


KEYBOARD 


MATRIX 
PRINTER 


231318-1 


Figure 1-1. Interfacing Peripherals To Microcomputer Systems 
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@ 8741AH, 
8742AH, 


87042 


7 tte 231318-47 
8741A 
Electrically 8741AH, 8742AH 
Programmable Electrically 
Light Erasable Programmed 
EPROM OTP EPROM 


231318-2 231318-3 
8041AH, 8042AH D8742 
Programmed Electrically 
ROM Programmable 
Light Erasable 
EPROM 


Figure 1-2. Pin Compatible ROM/EPROM Versions 


SPECIAL INSTRUCTION SET 
FEATURES 


® For Loop Counters: 
Decrement Register and Jump if not zero. 


e For Bit Manipulation: 
AND to A (immediate data or Register) 
OR to A (immediate data or Register) 
XOR to A (immediate data or Register) 
AND to Output Ports (Accumulator) 
OR to Output Ports (Accumulator) 
Jump Conditionally on any bit in A 


8-BIT 
MICROCOMPUTER 
SYSTEM 


e For BDC Arithmetic: 
Decimal Adjust A 
Swap 4-bit Nibbles of A 
Exchange lower nibbles of A and Register 
Rotate A left or right with or without Carry 


© For Lookup Tables: 


Load A from Page of ROM (Address in A) 
Load A from Current Page of ROM 


(Address in A) 


UPI-41A/41AH 
/42/42AH 


UPI-41A/41AH 
/42/42AH 


UPI-41A/41AH 
/42/42AH 


PERIPHERAL 


OFF-LINE ARITHMETIC 
PROCESSING 


SERIAL 
COMMUNICATION 


Figure 1-3. Interfaces and Protocols for Multiprocessor Systems 
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Features for Peripheral Control 


The UPI 8-bit interval timer/event counter can be used 
to generate complex timing sequences for control appli- 
cations or it can count external events such as switch 
closures and position encoder pulses. Software timing 
loops can be simplified or eliminated by the interval 
timer. If enabled, an interrupt to the CPU will occur 
when the timer overflows. 


The UPI I/O complement contains two TTL-compati- 
ble 8-bit bidirectional I/O ports and two general-pur- 
pose test inputs. Each of the 16 port lines can individu- 
ally function as either input or output under software 
control. Four of the port lines can also function as an 
interface for the 8243 I/O expander which provides 
four additional 4-bit ports that are directly addressable 
by UPI software. The 8243 expander allows low cost 
I/O expansion for large control applications while 
maintaining easy and efficient software port addressing. 


16 1/O LINES 


UPI-41A/41AH 
/42/42AH 


12 1/0 LINES 


231318-4 


Figure 1-4. 8243 I/O Expander Interface 


On-Chip Memory 


The UPI’s 64/128/256 bytes data memory include dual 
working register banks and an 8-level program counter 
stack. Switching between the register banks allows fast 
response to interrupts. The stack is used to store return 
addresses and processor status upon entering a subrou- 
tine. 
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The UPI program memory is available in three types to 
allow flexibility in moving from design to prototype to 
production with the same PC layout. The 8741A/8742 
device with EPROM memory is very economical for 
initial system design and development. Its program 
memory can be electrically programmed using the Intel 
Universal PROM Programmer. When changes are 
needed, the entire program can be erased using UV 
lamp and reprogrammed in about 20 minutes. This 
means the 8741A/8742 can be used as a single chip 
“breadboard” for very complex interface and control 
problems. After the 8741A/8742 is programmed it can 
be tested in the actual production level PC board and 
the actual functional environment. Changes required 
during system debugging can be made in the 
8741A/8742 program much more easily than they 
could be made in a random logic design. The system 
configuration and PC layout can remain fixed during 
the development process and the turn around time be- 
tween changes can be reduced to a minimum. 


At any point during the development cycle, the 
8741A/8742 EPROM part can be replaced with the 
low cost UPI-41AH/42AH respectively with factory 
mask programmed memory or OTP EPROM. The 
transition from system development to mass production 
is made smoothly because the 8741A/8742, 8741AH 
and 8041AH, 8742AH and 8042AH parts are com- 
pletely pin compatible. This feature allows extensive 
testing with the EPROM part, even into initial ship- 
ments to customers. Yet, the transition to low-cost 
ROMs or OTP EPROM is simplified to the point of 
being merely a package substitution. 


PREPROGRAMMED UPI’s 


The 8242AH, 8292, and 8294 are 8042AH’s that are 
programmed by Intel and sold as standard peripherals. 
Intel offers a complete line of factory programmed key- 
board controllers. These devices contain firmware de- 
veloped by Phoenix Technologies Ltd. and Award Soft- 
ware Inc. See Table 1-3 for a complete listing of Intels’ 
entire keyboard controller product line. The 8292 is a 
GPIB controller, part of a three chip GPIB system. 
The 8294 is a Data Encryption Unit that implements 
the National Bureau of Standards data encryption algo- 
rithm. These parts illustrate the great flexibility offered 
by the UPI family. 
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Table 1-3. Keyboard Controller Family Product Selection Guide 


UPI-42: The industry standard for desktop Keyboard Control. 


eles, Facene 
ROM Device 


8242 Phoenix firmware version 2.5 
8242PC Phoenix Multikey/42 firmware, PS/2 style mouse support 
8242WA Award firmware version 3.57 


8242WB Award firmware version 4.14, PS/2 style mouse support 


UPI-C42: A low power CHMOS version of the UPI-42. The UPI-C42 doubles the user programmable memory size, 
adds Auto A20 Gate support, includes Standby (**) and Suspend power down modes, and is available in a space 
saving 44-lead QFP pkg. 


Comments 


82C42PC Phoenix Multikey/42 firmware, PS/2 style mouse support 
82C42PD Phoenix MultikKey/42L firmware, KBC and SCC for portable apps. 
82C42PE Phoenix MultikKey/42G firmware, Energy Efficient KBC solution 


Phoenix MultikKey/42 firmware, PS/2 style mouse support 
Phoenix Multikey/42L firmware, KBC and SCC for portable apps. 


One Time Programmable Version 


NOTES: 

N = 44 lead PLCC, P = 40 lead PDIP, S = 44 lead QFP, D = 40 lead CERDIP 
KBC = Key Board Control, SCC = Scan Code Control 

(**) Standby feature not supported on current (B-1) stepping 


DEVELOPMENT SUPPORT UP! DEVELOPMENT SUPPORT 
The UPI microcomputer is fully supported by Intel e 8048/UPI-41A/41AH/42/42AH Assembler 
with development tools like the UPP PROM program- e Universal PROM Programmer UPP Series 
mer already mentioned. The combination of device fea- oo. 

tures and Intel development support make the UPI an ° Application Engineers 

ideal component for low-speed peripheral control appli- ¢ Training Courses 

cations. 
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CHAPTER 2 
FUNCTIONAL DESCRIPTION 


The UPI microcomputer is an intelligent peripheral 
controller designed to operate in iAPX-86, 88, MCS-85, 
MCS-80, MCS-51 and MCS-48 systems. The UPI’s ar- 
chitecture, illustrated in Figure 2-1, is based on a low 
cost, single-chip microcomputer with program memo- 
ry, data memory, CPU, I/O, event timer and clock os- 
cillator in a single 40-pin package. Special interface reg- 
isters are included which enable the UPI to function as 
a peripheral to an 8-bit master processor. 


This chapter provides a basic description of the UPI 
microcomputer and its system interface registers. Un- 


less otherwise noted the descriptions in this section ap- 
ply to the 8741AH, 8742AH with OTP EPROM mem- 


CLOCK 


8-BIT CPU 


1024 X 8, 2048 X 8 
PROGRAM 


MEMORY 
(ROM / EPROM) 


8-BIT 8-BIT 
DATA BUS DATA BUS 
INPUT REGISTER OUTPUT REGISTER 


SYSTEM 
INTERFACE 


ory, the 8741A/8742 (with UV erasable program mem- 
ory) and the 8041AH, 8042AH. These devices are so 
similar that they can be considered identical under 
most circumstances. All functions described in this 
chapter apply to the UPI-41A/41AH/42/42AH. 


PIN DESCRIPTION 


The UPI-41A/41AH/42/42AH are packaged in 40-pin 
Dual In-Line (DIP) packages. The pin configuration 
for both devices is shown in Figure 2-2. Figure 2-3 illus- 
trates the UPI Logic Symbol. 


64x8 
128 x 8 


256 x8 8-BIT 
TIMER - INTER 
DATA MEMORY ensiaiiii 


8-BIT 
STATUS 


18 
REGISTER 1/0 LINES 


PERIPHERAL INTERFACE 
AND 
1/O EXPANSION 
_231318-6 


Figure 2-1. UPI-41A/41AH/42/42AH Single Chip Microcomputer 
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P26 /DROQ 
P25 / IBF 


P24 / OBF 
P17 
P16 


P15 


UPI-41A/41AH P14 
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P12 
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Figure 2-3. Logic Symbol 
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DMA Request (DRQ), and P27 as DMA 


The following section summarizes the functions of each UPI pin. NOTE that several pins have two or more 
Name and Function 

Do-D7 12-19 1/0 

(BUS) 
microcomputer to an 8-bit master system data bus. 
4 bits (P29—P 3) interface directly to the 8243 I/O expander 
to provide interrupt Request and DMA Handshake capability. 
ACKnowledge (DACK). 

WR 
BUFFER. 
41A/41AH/42/42AH microcomputer out of several 


functions which are described in separate paragraphs. 
DATA BUS: Three-state, bidirectional DATA BUS BUFFER 
27-34 PORT 1: 8-bit, PORT 1 quasi-bidirectional I/O lines. 
: /O 
device and contain address and data information during PORT 
Software control can configure P24 as Output Buffer Full 
Sapa WRITE: |/O write input which enables the master CPU to write 
READ: |/O read input which enables the master CPU to read 
data and status words from the OUTPUT DATA BUS BUFFER 
or status register. 
Riad connected to a common data bus. 


Table 2-1. Pin Description 
| Symbol | PinNo. | Type | 

lines used to interface the UPI-41A/41AH/42/42AH 

Poop-Po7 21-24 | PORT 2: 8-bit, PORT 2 quasi-bidirectional |/O lines. The lower 

35-38 
4-7 access. The upper 4 bits (P24—P27) can be programmed 
| (OBF) interrupt, Pos as Input Buffer Full (IBF) interrupt, Pog as 

data and command words to the UPI INPUT DATA BUS 
CHIP SELECT: Chip select input used to select one UPI- 
COMMAND/DATA SELECT: Address input used by the 


master processor to indicate whether byte transfer is data 
(Ap = 0) or command (Ap = 1). 


TEST INPUTS: Input pins can be directly tested using 
conditional branch instructions. 

FREQUENCY REFERENCE: TEST 1 (T;) also functions as 
the event timer input (under software control). TESTO (To) is 
used during PROM programming and verification in the UPI- 
41A/41AH/42/42AH. 


OUTPUT CLOCK: Output signal which occurs once per UPI 
instruction cycle. SYNC can be used as a strobe for external 
circuitry; it is also used to synchronize single step operation. 


PROGRAM: Multifunction pin used as the program pulse input 
during PROM programming. 

During |/O expander access the PROG pin acts as an 
address/data strobe to the 8243. 


RESET: Input used to reset status flip-flops and to set the 
program counter to zero. RESET is also used during PROM 
programming and verification. 


SINGLE STEP: Single step input used in conjunction with the 
SYNC output to step the program through each instruction. 
POWER: + 5V main power supply pin. 


POWER: + 5V during normal operation. + 25V for UPI-41A, 
21V for UPI-42 programming operation, + 12V for 
programming, UPI-41AH/42AH. Low power standby pin in 
ROM version. 


GROUND: Circuit ground potential. 
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The following sections provide a detailed functional de- 
scription of the UPI microcomputer. Figure 2-4 illus- 
trates the functional blocks within the UPI device. 


CPU SECTION 


The CPU section of the UPI-41A/41AH/42/42AH 
microcomputer performs basic data manipulations and 
controls data flow throughout the single chip computer 
via the internal 8-bit data bus. The CPU section in- 
cludes the following functional blocks shown in Figure 
2-4: 


e Arithmetic Logic Unit (ALU) 
e Instruction Decoder 

® Accumulator 

e Flags 


Arithmetic Logic Units (ALU) 


The ALU is capable of performing the following opera- 
tions: 

e ADD with or without carry 

e AND, OR, and EXCLUSIVE OR 

e Increment, Decrement 

e Bit complement 

® Rotate left or right 

e Swap 

e BCD decimal adjust 


INTERNAL 
US 


088 
CO i ye sal STATUS 


REGISTER 
STATUS 
U 
0)-D, € (8) _) ride" > 5G NT Rae ee tee ere 


Ce ee 


ACCUMULATOR 


MASTER 
SYSTEM 
INTERFACE 


CRYSTAL, XTAL1 
LC, OR 
CLOCK XTAL2 


Yop _?P PROM PROGRAM SUPPLY 


TEMPORARY 
REGISTER 


POWER Veg ————> _+5 SUPPLY 
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In a typical operation data from the accumulator is 
combined in the ALU with data from some other 
source on the UPI-41A/41AH/42/42AH internal bus 
(such as a register or an I/O port). The result of an 
ALU operation can be transferred to the internal bus or 
back to the accumulator. 


If an operation such as an ADD or ROTATE requires 
more than 8 bits, the CARRY flag is used as an indica- 
tor. Likewise, during decimal adjust and other BCD 
operations the AUXILIARY CARRY flag can be set 
and acted upon. These flags are part of the Program 
Status Word (PSW). 


instruction Decoder 


During an instruction fetch, the operation code (op- 
code) portion of each program instruction is stored and 
decoded by the instruction decoder. The decoder gener- 
ates outputs used along with various timing signals to 
control the functions performed in the ALU. Also, the 
instruction decoder controls the source and destination 
of ALU data. 


Accumulator 


The accumulator is the single most important register 
in the processor. It is the primary source of data to the 
ALU and is often the destination for results as well. 
Data to and from the I/O ports and memory normally 
passes through the accumulator. 


MEMORY ver 

REG. BANK 1 128 x 8 

256 x 8 

| STACK RANDOM 

ACCESS 

REG. BANK 0 oma 
MULTIPLEXER 


PERIPHERAL 
INTERFACE 


EXPANDER 
INTERFACE 


1K X 8. 2K X 8 


PROM ROM 
PROGRAM 


MEMORY 
CONDITIONAL 
BRANCH 
LOGIC 


8-BIT 
TIMER/ 
EVENT COUNTER 
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Figure 2-4. UPI-41A/41AH/42/42AH Block Diagram 
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The UPI-41A/41AH/42/42AH microcomputer has 
1024, 2048 8-bit words of resident, read-only memory 
for program storage. Each of these memory locations is 
directly addressable by a 10-bit program counter. De- 
pending on the type of application and the number of 
program changes anticipated, three types of program 
memory are available: , 


e 8041AH, 8042AH with mask programmed ROM 
Memory 


e 8741AH, 8742AH with electrically programmable 
OTP EPROM Memory 


© 8741A and 8742 with electrically programmable 
EPROM Memory 


A program memory map is illustrated in Figure 2-5. 


Memory is divided into 256 location ‘pages’ and three 
locations are reserved for special use: 


8741AH, 
8741A 


LOCATION 7 — TIMER 


INTERRUPT VECTORS 
PROGRAM HERE 


LOCATION 3 — IBF 
INTERRUPT VECTORS 
PROGRAM HERE 


LOCATION 0 — RESET 
VECT 
PROGRAM HERE 


PROGRAM MEMORY MAP 
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Figure 2-5. Program Memory Map 
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INTERRUPT VECTORS 


1) Location 0 
Following a RESET input to the processor, the next 
instruction is automatically fetched from location 0. 


2) Location 3 
An interrupt generated by an Input Buffer Full 
(IBF) condition (when the IBF interrupt is enabled) 
causes the next instruction to be fetched from loca-. 
tion 3. 


3) Location 7 
A timer overflow interrupt (when enabled) will 
cause the next instruction to be fetched from loca- 
tion 7. 


Following a system RESET, program execution begins 
at location 0. Instructions in program memory are nor- 
mally executed sequentially. Program control can be 
transferred out of the main line of code by an input 
buffer full (IBF) interrupt or a timer interrupt, or when 
a jump or call instruction is encountered. An IBF inter- 
rupt (if enabled) will automatically transfer control to 
location 3 while a timer interrupt will transfer control 
to location 7. 


All conditional JUMP instructions and the indirect 
JUMP instruction are limited in range to the current 
256-location page (that is, they alter PC bits 0-7 only). 
If a conditional JUMP or indirect JUMP begins in lo- 
cation 255 of a page, it must reference a destination on 
the following page. 


Program memory can be used to store constants as well 
as program instructions. The UPI-41AH, 42AH in- 
struction set contains an instruction (MOVP3) de- 
signed specifically for efficient transfer of look-up table 
information from page 3 of memory. 


DATA MEMORY 


The UPI-41A has 64 8-bit words of Random Access 
Memory, the UPI-41AH has 128 8-bit words of Ran- 
dom Access Memory; the UPI-42 has 128 8-bit words 
of RAM; and the UPI-42AH has 256 8-bit words of 
RAM. This memory contains two working register 
banks, an 8-level program counter stack and a scratch 
pad memory, as shown in Figure 2-6. The amount of 
scratch pad memory available is variable depending on 
the number of addresses nested in the stack and the 
number of working registers being used. 


Addressing Data Memory 


The first eight locations in RAM are designated as 
working registers Ro—R7. These locations (or registers) 
can be addressed directly by specifying a register num- 
ber in the instruction. Since these locations are easily 
addressed, they are generally used to store frequently 
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accessed intermediate results. Other locations in data 
memory are addressed indirectly by using Ro or Ry to 
specify the desired address. 


8042AH/ 
8742AH 


USER RAM 224 X 8 


BANK 1 
WORKING 
REGISTERS 

8X8 


DIRECTLY 
ADORESSABLE 
WHEN BANK 1 
{S SELECTED 


ADDRESSED 
INDIRECTLY 
THROUGH 


8 LEVEL STACK 
R R71 OR Ro 
(Ro’ OR R4’) 


USER RAM 
16 X8 


BANK 0 | 


WORKING 


REGISTERS rer 


ADDRESSABLE 
WHEN BANK 0 
IS SELECTED 
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Figure 2-6. Data Memory Map 


Working Registers 


Dual banks of eight working registers are included in 
the UPI-41A/41AH/42/42AH data memory. Loca- 
tions 0-7 make up register bank 0 and locations 24-13 
form register bank 1. A RESET signal automatically 
selects register bank 0. When bank 0 is selected, refer- 
ences to Rg—R7 in UPI-41A/41AH/42/42AH instruc- 
tions operate on locations 0-7 in data memory. A “‘se- 
lect register bank” instruction is used to selected be- 
tween the banks during program execution. If the in- 
struction SEL RB1 (Select Register Bank 1) is execut- 
ed, then program references to Ro—R7 will operate on 
locations 24-31. As stated previously, registers 0 and 1 
in the active register bank are used as indirect address 
registers for all locations in data memory. 


Register bank 1 is normally reserved for handling inter- 
rupt service routines, thereby preserving the contents of 
the main program registers. The SEL RB1 instruction 
can be issued at the beginning of an interrupt service 
routine. Then, upon return to the main program, an 
RETR (return & restore status) instruction will auto- 
matically restore the previously selected bank. During 
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interrupt processing, registers in bank 0 can be accessed 
indirectly using Ro and Ry’. 


If register bank 1 is not used, registers 24-31 can still 
serve as additional scratch pad memory. 


Program Counter Stack 


RAM locations 8—23 are used as an 8-level program 
counter stack. When program control is temporarily 
passed from the main program to a subroutine or inter- 
rupt service routine, the 10-bit program counter and 
bits 4—7 of the program status word (PSW) are stored 
in two stack locations. When control is returned to the 
main program via an RETR instruction, the program 
counter and PSW bits 4-7 are restored. Returning via 
an RET instruction does not restore the PSW bits, 
however. The program counter stack 1s addressed by 
three stack pointer bits in the PSW (bits 0-2). Opera- 
tion of the program counter stack and the program 
status word is explained in detail in the following sec- 
tions. 


The stack allows up to eight levels of subroutine ‘nest- 
ing’; that is, a subroutine may call a second subroutine, 
which may call a third, etc., up to eight levels. Unused 
stack locations can be used as scratch pad memory. 
Each unused level of subroutine nesting provides two 
additional RAM locations for general use. 


The following sections provide a detailed description of 
the Program Counter Stack and the Program Status 
Word. 


PROGRAM COUNTER 


The UPI-41A/41AH/42/42AH microcomputer has a 
10-bit program counter (PC) which can directly ad- 
dress any of the 1024, 2048, or 4096 locations in pro- 
gram memory. The program counter always contains 
the address of the next instruction to be executed and is 
normally incremented sequentially for each instruction 
to be executed when each instruction fetches occurs. 


When control is temporarily passed from the main pro- 
gram to a subroutine or an interrupt routine, however, 
the PC contents must be altered to point to the address 
of the desired routine. The stack is used to save the 
current PC contents so that, at the end of the routine, 
main program execution can continue. The program 
counter is initialized to zero by a RESET signal. 


PROGRAM COUNTER STACK 


The Program Counter Stack is composed of 16 loca- 
tions in Data Memory as illustrated in Figure 2-7. 
These RAM locations (8 through 23) are used to store 
the 10-bit program counter and 4 bits of the program 
status word. 


ce 
i ntel ° 
An interrupt or Call to a subroutine causes the contents 


of the program counter to be stored in one of the 8. 
register pairs of the program counter stack. 


DATA 
MEMORY 
LOCATION 


23 
22 
21 
20 
19 


STACK 
POINTER 


PSW 4-7) PCig_g) 


PC(4-7) PC(o-3) 


MSB 
Figure 2-7. Program Counter Stack 


A 3-bit Stack Pointer which is part of the Program 
Status Word (PSW) determines the stack pair to be 
used at a given time. The stack pointer is initialized by 
a RESET signal to 00H which corresponds to RAM 
locations 8 and 9. 


The first call or interrupt results in the program coun- 
ter and PSW contents being transferred to RAM loca- 
tions 8 and 9 in the format shown in Figure 2-7. The 
stack pointer is automatically incremented by 1 to point 
to location is 10 and 11 in anticipation of another 
CALL. 


Nesting of subroutines within subroutines can continue 
up to 8 levels without overflowing the stack. If overflow 
does occur the deepest address stored (locations 8 and 
9) will be overwritten and lost since the stack pointer 
overflows from 07H to 00H. Likewise, the stack pointer 
will underflow from OOH to 07H. 


The end of a subroutine is signaled by a return instruc- 
tion, either RET or RETR. Each instruction will auto- 
matically decrement the Stack Pointer and transfer the 
contents of the proper RAM register pair to the Pro- 
gram Counter. 


PROGRAM STATUS WORD 


The 8-bit program status word illustrated in Figure 2-8 
is used to store general information about program exe- 
cution. In addition to the 3-bit Stack Pointer discussed 
previously, the PSW includes the following flags: 
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e CY — Carry 
® AC — Auxiliary Carry 
e Fo — Flag 0 


e BS — Register Bank Select 


SAVED IN STACK STACK POINTER 


B LSB 


MS 


231318-12 
Figure 2-8. Program Status Word 


The Program Status Word (PSW) is actually a collec- 
tion of flip-flops located throughout the machine which 
are read or written as a whole. The PSW can be loaded 
to or from the accumulator by the MOV A, PSW or 
MOV PSW, A instructions. The ability to write directly 
to the PSW allows easy restoration of machine status 
after a power-down sequence. 


The upper 4 bits of the PSW (bits 4, 5, 6, and 7) are 
stored in the PC Stack with every subroutine CALL or 
interrupt vector. Restoring the bits on a return is op- 
tional. The bits are restored if an RETR instruction is 
executed, but not if an RET is executed. 


PSW bit definitions are as follows: 
e Bits 0-2 Stack Pointer Bits So, S;, S2 
@ Bit 3 Not Used 


@ Bit 4 Working Register Bank 
0 = Bank 0 
1 = Bank 1 


e Bit 5 Flag 0 bit (Fo) 
This is a general purpose flag which can be cleared 
or complemented and tested with conditional jump 
instructions. It may be used during data transfer to 
an external processor. 

e Bit 6 Auxiliary Carry (AC) 
The flag status is determined by an ADD instruc- 


tion and is used by the Decimal Adjustment instruc- 
tion DAA 


e Bit 7 Carry (CY) 
The flag indicates that a previous operation resulted 
in overflow of the accumulator. 


CONDITIONAL BRANCH LOGIC 


Conditional Branch Logic in the UPI-41AH, 42AH al- 
lows the status of various processor flags, inputs, and 
other hardware functions to directly affect program ex- 
ecution. The status is sampled in state 3 of the first 
cycle. 
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Table 2-2 lists the internal conditions which are testable 
and indicates the condition which will cause a jump. In 
all cases, the destination address must be within the 
page of program memory (256 locations) in which the 
jump instruction occurs. 


OSCILLATOR AND TIMING CIRCUITS 


The UPI-41A/41AH/42/42AH’s internal timing gen- 
eration is controlled by a self-contained oscillator and 
timing circuit. A choice of crystal, L-C or external 
clock can be used to derive the basic oscillator frequen- 


cy. 


The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Fig- 
ure 2-9. Figure 2-10 shows instruction cycle timing. 


Oscillator 


The on-board oscillator is a series resonant circuit with 
a frequency range of 1 to 12.5 MHz depending on 
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which UPI is used. Refer to Table 1.1. Pins XTAL 1 
and XTAL 2 are input and output (respectively) of a 
high gain amplifier stage. A crystal or inductor and 
capacitor connected between XTAL 1 and XTAL 2 
provide the feedback and proper phase shift for oscilla- 
tion. Recommended connections for crystal or L-C are 
shown in Figure 2-11. 


State Counter 


The output of the oscillator is divided by 3 in the state 
counter to generate a signal which defines the state 
times of the machine. 


Each instruction cycle consists of five states as illustrat- 
ed in Figure 2-10 and Table 2-3. The overlap of address 
and execution operations illustrated in Figure 2-10 al- 
lows fast instruction execution. 


Table 2-2. Conditional Branch Instructions 


: ' Jump Condition 


Accumulator 


Accumulator bit 
Carry flag 


User flag 


Timer flag 
Test Input 0 


Test Input 1 


Input Buffer flag 
Output Buffer flag 


Rint 
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Figure 2-9. Oscillator Configuration 


All bits zero 
Any bit not zero 
Bit “b” = 1 
Carry flag = 1 
Carry flag = 0 
Fo flag = 1 

F, flag = 1 
Timer flag = 1 


1.2-4.17 ps CYCLE 


INPUT INPUT 
bl eer, PL. ON 
OUTPUT ADDRESS inc. Pe | OUTPUT ADDRESS 
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Figure 2-10. Instruction Cycle Timing 
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Table 2-3. Instruction Timing Diagram 


instruction |p LES CYCLE 2 
pik os a a re er es | S4 


IN A.Pp Fetch Increment Increment 
7 Instruction] Program Counter Timer 
Output 
Program | To Port 


Fetch Increment Increment Output 
Th. 
octet al Instruction] Program ee ial Timer ee 
Increment Increment Read Port Fetch 
Program Timer Immediate 
Counter Data 
Increment Read Port Fetch 
Timer Immediate 
Data 
Fetch Increment Output Increment 
VDA, ‘ 
a Opcode/ Address ce Gee eae 
MOVD Pp. A Fetch Increment Output Increment Output Data 
P, Instruction| Program Counter| Opcode/ Address Timer To P2 Lower 
DPp.A Fetch Increment Output Increment Output 
a Instruction| Program Counter| Opcode/Address Timer Data 
ORLD Pp. A Fetch Increment Output Increment Output 
P, Instruction| Program Counter| Opcode/Address Timer Data 


Increment 
Timer 

Fetch Increment Increment Update 
(acne ey Program Counter en Ee Status Register 

Fetch Increment Increment 

Fetch Increment Increment Output 
ad sa Program Counter Deke Timer 
STRT T Fetch Increment Start 
STRT CNT Instruction] Program Counter Counter 
STOP TCNT Fetch Increment 

Instruction| Program Counter 


Increment 
Program 
Counter 


Fetch 
Immediate Data 


Program 
Counter 


Stop 
Counter 


Instruction| Program Counter Interrupt 
Instruction| Program Counter Interrupt 
Instruction} Program Counter DRQ Cleared 
Fetch Increment OBF, IBF 
Instruction| Program Counter Output Enabled =_—s 


XTAL 1 


UPI-41A/41AH 
42/42AH 


231318-48 
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Figure 2-11. Recommended Crystal and L-C Connections 
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Cycle Counter 


The output of the state counter is divided by 5 in the 
cycle counter to generate a signal which defines a ma- 
chine cycle. This signal is call SYNC and is available 
continuously on the SYNC output pin. It can be used 
to synchronize external circuitry or as a general pur- 
pose clock output. It is also used for synchronizing sin- 
gle-step. 


Frequency Reference 


The external crystal provides high speed and accurate 
timing generation. A crystal frequency of 5.9904 MHz 
is useful for generation of standard communication fre- 
quencies by the UPI-41A/41AH/42/42AH. However, 
if an accurate frequency reference and maximum proc- 
essor speed are not required, an inductor and capacitor 
may be used in place of the crystal as shown in Figure 
2-11. 


A recommended range of inductance and capacitance 
combinations is given below: 


e L = 130 wH corresponds to 3 MHz 
e L = 45 wH corresponds to 5 MHz 


An external clock signal can also be used as a frequency 
reference to the UPI-41A/41AH/42/42AH; however, 
the levels are not TTL compatible. The signal must be 
in the 1-12.5 MHz frequency range depending on 
which UPI is used. Refer to Table 1-2. The signal must 
be connected to pins XTAL 1 and XTAL 2 by buffers 
with a suitable pull-up resistor to guarantee that a logic 
**1” is above 3.8 volts. The recommended connection is 
shown in Figure 2-12. 


XTAL 1 


UPI-41A/41AH 


/42/42AH 


XTAL 2 


STANDARD TTL OR 
OPEN COLLECTOR 
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Figure 2-12. Recommended Connection 
For External Clock Signal 
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INTERVAL TIMER/EVENT COUNTER 


The UPI-41A/41AH/42/42AH has a resident 8-bit 
timer/counter which has several software selectable 
modes of operation. As an interval timer, it can gener- 
ate accurate delays from 80 microseconds to 20.48 mil- 
liseconds without placing undue burden on the proces- 
sor. In the counter mode, external events such as switch 
closures or tachometer pulses can be counted and used 
to direct program flow. 


Timer Configuration 


Figure 2-13 illustrates the basic timer/counter configu- 
ration. An 8-bit register is used to count pulses from 
either the internal clock and prescaler or from an exter- 
nal source. The counter is presettable and readable with 
two MOV instructions which transfer the contents of 
the accumulator to the counter and vice-versa (i.e. 
MOV T, A and MOV A, T). The counter is stopped by 
a RESET or STOP TCNT instruction and remains 
stopped until restarted either as a timer (START T in- 
struction) or as a counter (START CNT instruction). 
Once started, the counter will increment to its maxi- 
mum count (FFH) and overflow to zero continuing its 
count until stopped by a STOP TCNT instruction or 
RESET. 


The increment from maximum count to zero (overflow) 
results in setting the Timer Flag (TF) and generating an 
interrupt request. The state of the overflow flag is test- 
able with the conditional jump instruction, JTF. The 
flag is reset by executing a JTF or by a RESET signal. 


The timer. interrupt request is stored in a latch and 
ORed with the input buffer full interrupt request. The 
timer interrupt can be enabled or disabled independent 
of the IBF interrupt by the EN TCNTI and DIS 
TCTINI instructions. If enabled, the counter overflow 
will cause a subroutine call to location 7 where the tim- 
er service routine is stored. If the timer and Input Buff- 
er Full interrupts occur simultaneously, the IBF source 
will be recognized and the call will be to location 3. 
Since the timer interrupt is latched, it will remain pend- 
ing until the DBBIN register has been serviced and will 
immediately be recognized upon return from the serv- 
ice routine. A pending timer interrupt is reset by the 
initiation of a timer interrupt service routine. 


Event Counter Mode 


The STRT CNT instruction connects the TEST 1 input 
pin to the counter input and enables the counter. Note 
this instruction does not clear the counter. The counter 
is incremented on high to low transitions of the TEST 1 
input. The TEST 1 input must remain high for a mini- 
mum of one state in order to be registered (250 ns at 
12 MHz). The maximum count frequency is one count 
per three instruction cycles (267 kHz at 12 MHz). 
There is no minimum frequency limit. 
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Timer Mode 


The STRT T instruction connects the internal clock to 
the counter input and enables the counter. The input 
clock is derived from the SYNC signal of the internal 
oscillator and the divide-by-32 prescaler. The configu- 
ration is illustrated in Figure 2-13. Note this instruction 
does not clear the timer register. Various delays and 
timing sequences between 40 psec and 10.24 msec can 
easily be generated with a minimum of software timing 
loops (at 12 MHz). 


Times longer than 10.24 msec can be accurately mea- 
sured by accumulating multiple overflows in a register 
under software control. For time resolution less than 40 
psec, an external clock can be applied to the TEST 1 
counter input (see Event Counter Mode). The mini- 
mum time resolution with an external clock is 3.75 
usec (267 kHz at 12 MHz). 


TEST 1 Event Counter Input 


The TEST 1 pin is multifunctional. It is automatically 
initialized as a test input by a RESET signal and can be 
tested using UPI-41A conditional branch instructions. 


In the second mode of operation, illustrated in Figure 
2-13, the TEST 1 pin is used as an input to the internal 


PRESCALER 
(+ 32) 


EXTERNAL 
INPUT 


| | TEST 1 
COUNTER 


12) 
STOP 
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8-bit event counter. The Start Counter (STRT CNT) 
instruction controls an internal switch which connects 
TEST 1 through an edge detector to the 8-bit internal 
counter. Note that this instruction does not inhibit the 
testing of TEST 1 via conditional Jump instructions. 


In the counter mode the TEST 1 input is sampled once 
per instruction cycle. After a high level is detected, the 
next occurrence of a low level at TEST 1 will cause the 
counter to increment by one. 


The event counter functions can be stopped by the Stop 
Timer/Counter (STOP TCNT) instruction. When this 
instruction is executed the TEST 1 pin becomes a test 


_ input and functions as previously described. 


TEST INPUTS 


There are two multifunction pins designated as Test 
Inputs, TEST 0 and TEST 1. In the normal mode of 
operation, status of each of these lines can be directly 
tested using the following conditional Jump instruc- 
tions: 


e JTO Jump if TEST 0 = 1 
e JNTO Jump if TEST 0 = 0 
e JT1 Jump if TEST 1 = 1 
e JNT1 Jump if TEST 1 = 0 


OSCILLATOR 


OVERFLOW 
FLAG 


8-BIT 
COUNTER 


INTERRUPT 


LOAD/ READ 


INTERNAL BUS 
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Figure 2-13. Timer Counter 
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The test imputs are TTL compatible. An external logic 
signal connected to one of the test inputs will be sam- 
pled at the time the appropriate conditional jump in- 
struction is executed. The path of program execution 
will be altered depending on the state of the external 
signal when sampled. 


INTERRUPTS 


The UPI-41A/41AH/42/42AH has the following in- 
ternal interrupts: 


e Input Buffer Full (IBF) interrupt 
¢ Timer Overflow interrupt 


The IBF interrupt forces a CALL to location 3 in pro- 
gram memory; a timer-overflow interrupts forces a 
CALL to location 7. The IBF interrupt is enabled by 
the EN I instruction and disabled by the DIS I instruc- 
tion. The timer-overflow interrupt is enabled and dis- 
abled by the EN TNCTI and DIS TCNTI instructions, 
respectively. 


IBF 
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Figure 2-14 illustrates the internal interrupt logic. An 
IBF interrupt request is generated whenever WR and 
CS are both low, regardless of whether interrupts are 
enabled. The interrupt request is cleared upon entering 
the IBF service routine only. That is, the DIS I instruc- 
tion does not clear a pending IBF interrupt. 


Interrupt Timing Latency 


When the IBF interrupt is enabled and an IBF inter- 
rupt request occurs, an interrupt sequence is intiated as 
soon as the currently executing instruction is complet- 
ed. The following sequence occurs: 
¢ A CALL to location 3 is forced. 


e The program counter and bits 4-7 of the Program 
Status Word are stored in the stack. 


e The stack pointer is incremented. 


INTERRUPT 
REQUEST 


IBF 
INTERRUPT 


REQUEST 
IBF 


INTERRUPT 
RECOGNIZED 


RESET 


IBF 


INTERRUPT 


EN | ENABLE 


IBF 
INTERRUPT 
ENABLE 
DIS | 


RESET 


TIMER 
OVERFLOW 


TIMER 
INTERRUPT 
RECOGNIZED 


EN TCNTI 
EXECUTED 


TIMER 
INTERRUPT 
ENABLE 


DIS TCNTI 
EXECUTED 


RESET 


INTERRUPT 
IN PROGRESS 


TIMER 
INTERRUPT 
REQUEST 


RETR EXECUTED we 
RESET 
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Figure 2-14. Interrupt Logic 
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Location 3 in program memory should contain an un- 
conditional jump to the beginning of the IBF interrupt 
service routine elsewhere in program memory. At the 
end of the service routine, an RETR (Return and Re- 
store Status) instruction is used to return control to the 
main program. This instruction will restore the pro- 
gram counter and PSW bits 4-7, providing automatic 
restoration of the previously active register bank as 
well. RETR also re-enables interrupts. 


A timer-overflow interrupt is enabled by the EN 
TCNTI instruction and disabled by the DIS TCNTI 
instruction. If enabled, this interrupt occurs when the 
timer/counter register overflows. A CALL to location 
7 is forced and the interrupt routine proceeds as de- 
scribed above. 


The interrupt service latency is the sum of current in- 
struction time, interrupt recognition time, and the in- 
ternal call to the interrupt vector address. The worst 
case latency time for servicing an interrupt is 7 clock 
cycles. Best case latency is 4 clock cycles. 


Interrupt Timing 


Interrupt inputs may be enabled or disabled under pro- 
gram control using EN I, DIS I, EN TCNTI and DIS 
TCNTI instructions. Also, a RESET input will disable 
interrupts. An interrupt request must be removed be- 
fore the RETR instruction is executed to return from 
the service routine, otherwise the processor will re-en- 
ter the service routine immediately. Thus, the WR and 
CS inputs should not be held low longer than the dura- 
tion of the interrupt service routine. 


The interrupt system is single level. Once an interrupt 
is detected, all further interrupt requests are latched but 
are not acted upon until execution of an RETR instruc- 
tion re-enables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruc- 
tion. If an IBF interrupt and a timer-overflow interrupt 
occur simultaneously, the IBF interrupt will be recog- 
nized first and the timer-overflow interrupt will remain 
pending until the end of the interrupt service routine. 


External Interrupts 


An external interrupt can be created using the UPI- 
41A/41AH/42/42AH timer/counter in the event 
counter mode. The counter is first preset to FFH and 
the EN TCNTI instruction is executed. A timer-over- 
flow interrupt is generated by the first high to low tran- 
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sition of the TEST 1 input pin. Also, if an IBF interrupt 
occurs during servicing of the timer/counter interrupt, 
it will remain pending until the end of the service rou- 
tine. 


Host Interrupts And DMA 


If needed, two external interrupts to the host system 
can be created using the EN FLAGS instruction. This 
instruction allocates two I/O lines on PORT 2 (P24 and 
P25). P24 is the Output Buffer Full interrupt request 
line to the host system; P25 is the Input Buffer empty 
interrupt request line. These interrupt outputs reflect 
the internal status of the OBF flag and the IBF inverted 
flag. Note, these outputs may be inhibited by writing a 
“0” to these pins. Reenabling interrupts is done by 
writing a “1” to these port pins. Interrupts are typically 
enabled after power on since the I/O ports are set in a 
“1” condition. The EN FLAG’s effect is only cancelled 
by a device RESET. 


DMA handshaking controls are available from two 
pins on PORT 2 of the UPI-41A/41AH/42/42AH mi- 
crocomputer. These lines (P76 and P 7) are enabled by 
the EN DMA instruction. P2¢ becomes DMA request 
(DRQ) and P27 becomes DMA acknowledge (DACK). 
The UPI program initiates a DMA request by writing a 
“1” to Po. The DMA controller transfers the data into 
the DBBIN data register using DACK which acts as a 
chip select. The EN DMA instruction can only be can- 
celled by a chip RESET. 


RESET 


The RESET input provides a means for internal initiali- 
zation of the processor. An automatic initialization 
pulse can be generated at power-on by simply connect- 
ing a | pfd capacitor between the RESET input and 
ground as shown in Figure 2-15. It has an internal 
pull-up resistor to charge the capacitor and a Schmitt- 
trigger circuit to generate a clean transition. A 2-stage 
synchronizer has been added to support reliable opera- 
tion up to 12.5 MHz. 


If automatic initialization is used, RESET should be 
held low for at least 10 milliseconds to allow the power 
supply to stabilize. If an external RESET signal is used, 
RESET may be held low for a minimum of 8 instruc- 
tion cycles. Figure 2-15 illustrates a configuration using 
an external TTL gate to generate the RESET input. 
This configuration can be used to derive the RESET 
signal from the 8224 clock generator in an 8080 system. 
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Figure 2-15. External Reset Configuration 


The RESET input performs the following functions: 
¢ Disables Interrupts 

© Clears Program Counter to Zero 

e@ Clears Stack Pointer 

© Clears Status Register and Flags 

¢ Clears Timer and Timer Flag 

e Stops Timer 

® Selects Register Bank 0 

@ Sets PORTS 1 and 2 to Input Mode 


DATA BUS BUFFER 


Two 8-bit data bus buffer registers, DBBIN and 
DBBOUT, serve as temporary buffers for commands 
and data flowing between it and the master processor. 
Externally, data is transmitted or received by the DBB 
registers upon execution of an INput or OUTput in- 
struction by the master processor. Four control signals 
are used: 


@ Ag Address input signifying control or data 
¢ CS Chip Select | 

e RD Read Strobe 

¢ WR Write Strobe 


Transfer can be implemented with or without UPI pro- 
gram interference by enabling or disabling an internal 
UPI interrupt. Internally, data transfer between the 
DBB and the UPI accumulator is under software con- 
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trol and is completely asynchronous to the external 
processor timing. This allows the UPI software to han- 
dle peripheral control tasks independent of the main 
processor while still maintaining a data interface with 
the master system. 


Configuration 


Figure 2-16 illustrates the internal configuration of the 
DBB registers. Data is stored in two 8-bit buffer regis- 
ters, DBBIN and DBBOUT. DBBIN and DBBOUT 
may be accessed by the external processor using the 
WR line and the RD line, respectively. The data bus is 
a bidirectional, three-state bus which can be connected 
directly to an 8-bit microprocessor system. Four con- 
trol lines (WR, RD, CS, Ao) are used by the external 
processor to transfer data to and from the DBBIN and 
DBBOUT registers. 


An 8-bit register containing status flags is used to indi- 
cate the status of the DBB registers. The eight status 
flags are defined as follows: 


¢ OBF Output Buffer Full 
This flag is automatically set when the UPI-Micro- 
computer loads the DBBOUT register and is cleared 
when the master processor reads the data register. 


¢ IBF Input Buffer Full 
This flag is set when the master processor writes a 
character to the DBBIN register and is cleared 
when the UPI INputs the data register contents to 
its accumulator. 


CONTROL 
BUS 


SYSTEM 
INTERFACE 


DATA 
UPI Bus Contents During Status Read 


D7 D2 DO 


D6 D5 D4 D3 D1 
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Figure 2-16. Data Bus Buffer Configuration 


© Fo 
This is a general purpose flag which can be cleared 
or toggled under UPI software control. The flag is 
used to transfer UPI status information to the mas- 
ter processor. 


e F, Command/Data 
This flag is set to the condition of the Ag input line 
when the master processor writes a character to the 
data register. The F flag can also be cleared or tog- 
gled under UPI-Microcomputer program control. 


@ ST4 through ST7 
These bits are user defined status bits. They are de- 
fined by the MOV STS,A instruction. 


SYSTEM INTERFACE 


Figure 2-17 illustrates how a UPI-Microcomputer can 
be connected to a standard 8080-type bus system. Data 
lines Do—D7 form a three-state, bidirectional port 
which can be connected directly to the system data bus. 
The UPI bus interface has sufficient drive capability 
(400 A) for small systems, however, a larger system 
may require buffers. 


Four control signals are required to handle the data 

and status information transfer: 

e WR 
I/O WRITE signal used to transfer data from the 
system bus to the UPI DBBIN register and set the 
F flag in the status register. 

e RD 
I/O READ signal used to transfer data from the 
DBBOUT register or status register to the system 
data bus. 


e cs 
CHIP SELECT signal used to enable one 8041AH 
out of several connected to a common bus. 


° Ao 
Address input used to select either the 8-bit status 
register or DBBOUT register during an I/O READ. 
Also, the signal is used to set the F, flag in the 
status register during an I/O WRITE. 


The WR and RD signals are active low and are stan- 
dard MCS-80 peripheral control signals used to syn- 
chronize data transfer between the system bus and pe- 
ripheral devices. 


The CS and Ag signals are decoded from the address 
bus of the master system. In a system with few I/O 
devices a linear addressing configuration can be used 
where Ag and A, lines are connected directly to Ag and 
CS inputs (see Figure 2-17). 


Data Read 


Table 2-4 illustrates the relative timing of a DBBOUT 
Read. When CS, Ap, and RD are low, the contents of 
the DBBOUT register is placed on the three-state Data 
lines Do—D7 and the OBF flag is cleared. 


The master processor uses CS, Ag, WR, and RD to 
control data transfer between the DBBOUT register 
and the master system. The following operations are 
under master processor control: 
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Figure 2-17. Interface to 8080 System Bus 


Table 2-4. Data Transfer Controls 


Read DBBOUT register 
Read STATUS register 


Write DBBIN data register 
Write DBBIN command register 
Disable DBB 


Status Read 


Table 2-4 shows the logic sequence required for a 
STATUS register read. When CS and RD are low with 
Ag high, the contents of the 8-bit status register appears 
on Data lines Do-D7. 


Data Write 


Table 2-4 shows the sequence for writing information 
to the DBBIN register. When CS and WR are low, the 
contents of the system data bus is latched into DBBIN. 
Also, the IBF flag is set and an interrupt is generated, if 
enabled. ) 
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Command Write 


During any write (Table 2-4), the state of the Ag input 
is latched into the status register in the F; (command/ 
data) flag location. This additional bit is used to signal 
whether DBBIN contents are command (Ap = 1) or 
data (Ag = 0) information. 


INPUT/OUTPUT INTERFACE 


The UPI-41A/41AH/42/42AH has 16 lines for input 
and output functions. These I/O lines are grouped as 
two 8-bit TTL compatible ports: PORTS 1 and 2. The 
port lines can individually function as either inputs or 
outputs under software control. In addition, the lower 4 
lines of PORT 2 can be used to interface to an 8243 I/O 
expander device to increase I/O capacity to 28 or more 
lines. The additional lines are grouped as 4-bit ports: 
PORTS 4, 5, 6, and 7. 


PORTS 1 and 2 


PORTS 1 and 2 are each 8 bits wide and have the same 
I/O characteristics. Data written to these ports by an 


a 
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OUTL Pp,A instruction is latched and remains un- 
changed until it is rewritten. Input data is sampled at 
the time the IN, A, Pp instruction is executed. There- 
fore, input data must be present at the PORT until read 
by an I[Nput instruction. PORT 1 and 2 inputs are fully 


TTL compatible and outputs will drive one standard 
TTL load. 


Circuit Configuration 


The PORT 1 and 2 lines have a special output structure 
(shown in Figure 2-18) that allows each line to serve as 
an input, an output, or both, even though outputs are 
statically latched. 


Each line has a permanent high impedance pull-up (50 
KY) which is sufficient to provide source current for a 
TTL high level, yet can be pulled low by a standard 
TTL gate drive. Whenever a “‘1”’ is written to a line, a 
low impedance pull-up (25022) is switched in momen- 
tarily (500 ns) to provide a fast transition from 0 to 1. 
When a “0” is written to the line, a low impedance 
pull-down (30022) is active to provide TTL current 
sinking capability. 


To use a particular PORT pin as an input, a logic “1” 
must first be written to that pin. 


NOTE: 


A RESET initializes all PORT pins to the high im- 
pedance logic “‘1”’ state. 


ORL, ANL 


INTERNAL 
BUS 


CLK nat 
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An external TTL device connected to the pin has suffi- 
cient current sinking capability to pull-down the pin to 
the low state. An IN A, Pp instruction will sample the 
status of PORT pin and will input the proper logic 
level. With no external input connected, the IN A,Pp 
instruction inputs the previous output status. 


This structure allows input and output information on 
the same pin and also allows any mix of input and 
output lines on the same port. However, when inputs 
and outputs are mixed on one PORT, a PORT write 
will cause the strong internal pull-ups to turn on at all 
inputs. If a switch or other low impedance device is 
connected to an input, a PORT write (“1” to an input) 
could cause current limits on internal lines to be ex- 
ceeded. Figure 2-19 illustrates the recommended con- 
nection when inputs and outputs are mixed on one 
PORT. 


The bidirectional port structure in combination with 
the UPI-41A/41AH/42/42AH logical AND and OR 
instructions provide an efficient means for handling sin- 
gle line inputs and outputs within an 8-bit processor. © 


PORTS 4, 5, 6, and 7 


By using an 8243 I/O expander, 16 additional I/O lines 
can be connected to the UPI-41AH, 42AH and directly 
addressed as 4-bit I/O ports using UPI-41AH, 42AH 


INPUT 
BUFFER 
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Figure 2-18. Quasi-Bidirectional Port Structure 
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instructions. This feature saves program space and de- 
sign time, and improves the bit handling capability of 
the UPI-41A/41AH/42/42AH. 


The lower half of PORT 2 provides an interface to the 
8243 as illustrated in Figure 2-20. The PROG pin is 
used as a strobe to clock address and data information 
via the PORT 2 interface. The extra 16 I/O lines are 
referred to in UPI software as PORTS 4, 5, 6, and 7. 
Each PORT can be directly addressed and can be 
ANDed and ORed with an immediate data mask. Data 
can be moved directly to the accumulator from the ex- 
pander PORTS (or vice-versa). 


The 8243 I/O ports, PORTS 4, 5, 6, and 7, provide 
more drive capability than the UPI-41A/41AH/42/ 
42AH bidirectional ports. The 8243 output is capable 
of driving about 5 standard TTL loads. 


PORT 1,2 


UPI-41A/41AH 
/42/42AH 
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Multiple 8243’s can be connected to the PORT 2 inter- 
face. In normal operation, only one of the 8243’s would 
be active at the time an Input or Output command is 
executed. The upper half of PORT 2 is used to provide 
chip select signals to the 8043’s. Figure 2-21 shows how 
four 8243’s could be connected. Software is needed to 
select and set the proper PORT 2 pin before an INPUT 
or OUTPUT command to PORTS 4-7 is executed. In 
general, the software overhead required is very minor 
compared to the added flexibility of having a large 
number of I/O pins available. 


PORT 1,2 


UPI-41A/41AH 
/42/42AH 


Ss 
ARE MIXED ON A PORT 


231318-24 


Figure 2-19. Recommended PORT Input Connections 
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Figure 2-20. 8243 Expander Interface 


CONTROL CONTROL 
BUS PORT 1 


UPI-41A/41AH 
/42/42AH 


231318-27 


Figure 2-21. Multiple 8243 Expansion 
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CHAPTER 3 
INSTRUCTION SET 


The UPI-41A/41AH/42/42AH Instruction Set is op- 
code-compatible with the MCS-48 set except for the 
elimination of external program and data memory in- 
structions and the addition of the data bus buffer in- 
structions. It is very straightforward and efficient in its 
use of program memory. All instructions are either 1 or 
2 bytes in length (over 70% are only 1 byte long) and 
over half of the instructions execute in one machine 
cycle. The remainder require only two cycles and in- 
clude Branch, Immediate, and I/O operations. 


The UPI-41A/41AH/42/42AH Instruction Set effi- 
ciently handles the single-bit operations required in 
control applications. Special instructions allow port bits 
to be set or cleared individually. Also, any accumulator 
bit can be directly tested via conditional branch instruc- 
tions. Additional instructions are included to simplify 
loop counters, table look-up routines and N-way 
branch routines. 


The UPI-41A/41AH/42/42AH Microcomputer han- 
dles arithmetic operations in both binary and BCD for 
efficient interface to peripherals such as keyboards and 
displays. 


The instruction set can be divided into the following 
groups: 

© Data Moves 

® Accumulator Operations 

e Flags 

e Register Operations 

e Branch Instructions 

® Control 

e Timer Operations 

e Subroutines 


¢ Input/Output Instructions 


Data Moves 
(See Instruction Summary) 


The 8-bit accumulator is the control point for all data 
transfers within the UPI-41A/41AH/42/42AH. Data 
can be transferred between the 8 registers of each work- 
ing register bank and the accumulator directly (i.e., 
with a source or destination register specified by 3 bits 
in the instruction). The remaining locations in the 
RAM array are addressed either by Ro or R, of the 
active register bank. Transfers to and from RAM re- 
quire one cycle. 


Constants stored in Program Memory can be loaded 
directly into the accumulator or the eight working reg- 
isters. Data can also be transferred directly between the 
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accumulator and the on-board timer/counter, the 
Status Register (STS), or the Program Status Word 
(PSW). Transfers to the STS register alter bits 4-7 
only. Transfers to the PSW alter machine status ac- 
cordingly and provide a means of restoring status after 
an interrupt or of altering the stack pointer if necessary. 


Accumulator Operations 


Immediate data, data memory, or the working registers 
can be added (with or without carry) to the accumula- 
tor. These sources can also be ANDed, ORed, or exclu- 
sive ORed to the accumulator. Data may be moved to 
or from the accumulator and working registers or data 
memory. The two values can also be exchanged in a 
single operation. 


The lower 4 bits of the accumulator can be exchanged 
with the lower 4 bits of any of the internal RAM loca- 
tions. This operation, along with an instruction which 
swaps the upper and lower 4-bit halves of the accumu- 
lator, provides easy handling of BCD numbers and 
other 4-bit quantities. To facilitate BCD arithmetic a 
Decimal Adjust instruction is also included. This 
instruction is used to correct the result of the binary 
addition of two 2-digit BCD numbers. Performing a 
decimal adjust on the result in the accumulator produc- 
es the desired BCD result. 


The accumulator can be incremented, decremented, 
cleared, or complemented and can be rotated left or 
right 1 bit at a time with or without carry. 


A subtract operation can be easily implemented in UPI 
software using three single-byte, single-cycle instruc- 
tions. A value can be subtracted from the accumulator 
by using the following instructions: 


¢ Complement the accumulator 
e Add the value to the accumulator 
© Complement the accumulator 


Flags 


There are four user accessible flags: 

e Carry 

© Auxiliary Carry 

© Fo 

© F, 

The Carry flag indicates overflow of the accumulator, 


while the Auxiliary Carry flag indicates overflow be- 
tween BCD digits and is used during decimal adjust 


e 
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operations. Both Carry and Auxiliary Carry are part of 
the Program Status Word (PSW) and are stored in the 
stack during subroutine calls. The Fo and F; flags are 
general-purpose flags which can be cleared or comple- 
mented by UPI instructions. Fo is accessible via the 
Program Status Word and is stored in the stack with 


the Carry flags. F; reflects the condition of the Apo line, 
and caution must be used when setting or clearing it. 


Register Operations 


The working registers can be accessed via the accumu- 
lator as explained above, or they can be loaded with 
immediate data constants from program memory. In 
addition, they can be incremented or decremented di- 
rectly, or they can be used as loop counters as explained 
in the section on branch instructions. 


Additional Data Memory locations can be accessed 
with indirect instructions via Ro and Rj. 


Branch Instructions 


The UPI-41A/41AH/42/42AH Instruction Set in- 
cludes 17 jump instructions. The unconditional allows 
jumps anywhere in the 1K words of program memory. 
All other jump instructions are limited to the current 
page (256 words) of program memory. 


Conditional jump instructions can test the following in- 
puts and maching flags: 


TEST 0 input pin 
TEST 1 input pin 
Input Buffer Full flag 
Output Buffer Full flag 
Timer flag 
Accumulator zero 
Accumulator bit 

Carry flag 

Fo flag 

F; flag 


The conditions tested by these instructions are the 
instantaneous values at the time the conditional jump 
instruction is executed. For instance, the jump on accu- 
mulator zero instruction tests the accumulator itself, 
not an intermediate flag. 


The decrement register and jump if not zero (DJNZ) 
instruction combines decrement and branch operations 
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in a single instruction which is useful in implementing a 
loop counter. This instruction can designate any of the 
8 working registers as a counter and can effect a branch 
to any address within the current page of execution. 


A special indirect jump instruction (JMPP @A) allows 
the program to be vectored to any one of several differ- 
ent locations based on the contents of the accumulator. 
The contents of the accumulator point to a location in 
program memory which contains the jump address. As 
an example, this instruction could be used to vector to 
any one of several routines based on an ASCII charac- 
ter which has been loaded into the accumulator. In this 
way, ASCII inputs can be used to initiate various rou- 
tines. 


Control 


The UPI-41A/41AH/42/42AH Instruction Set has six 
instructions for control of the DMA, interrupts, and 
selection of working registers banks. | 


The UPI-41A/41AH/42/42AH provides two instruc- 
tions for control of the external microcomputer system. 
IBF and OBF flags can be routed to PORT 2 allowing 
interrupts of the external processor. DMA handshaking 
signals can also be enabled using lines from PORT 2. 


The IBF interrupt can be enabled and disabled using 
two instructions. Also, the interrupt is automatically 
disabled following a RESET input or during an inter- 
rupt service routine. 


The working register bank switch instructions allow the 
programmer to immediately substitute a second 8 regis- 
ter bank for the one in use. This effectively provides 
either 16 working registers or the means for quickly 
saving the contents of the first 8 registers in response to 
an interrupt. The user has the option of switching regis- 
ter banks when an interrupt occurs. However, if the 
banks are switched, the original bank will automatically 
be restored upon execution of a return and restore 
status (RETR) instruction at the end of the interrupt 
service routine. 


Timer | 


The 8-bit on-board timer/counter can be loaded or read 
via the accumulator while the counter is stopped or 
while counting. 


The counter can be started as a timer with an internal 
clock source or as an event counter or timer with an 
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external clock applied to the TEST 1 pin. The instruc- 
tion executed determines which clock source is used. A 
single instruction stops the counter whether it is operat- 
ing with an internal or an external clock source. In 
addition, two instructions allow the timer interrupt to 
be enabled or disabled. 


Subroutines 


Subroutines are entered by executing a call instruction. 
Calls can be made to any address in the 1K word pro- 
gram memory. Two separate return instructions deter- 
mine whether or not status (i.e., the upper 4 bits of the 
PSW) is restored upon return from a subroutine. 


Input/Output Instructions 


Two 8-bit data bus buffer registers (DBBIN and 
DBBOUT) and an 8-bit status register (STS) enable the 
UPI-41A universal peripheral interface to communi- 
cate with the external microcomputer system. Data can 
be INputted from the DBBIN register to the accumula- 
tor. Data can be OUTput*: d from the accumulator to 
the DBBOUT ; -zister. 


The STS register contains four user-definable bits 
(ST4-ST7) plus four reserved status bits (IBF, OBF, Fo 
and Fj). The user-definable bits are set from the accu- 
mulator. 


The UPI-41A/41AH/42/42AH peripheral interface 
has two 8-bit static I/O ports which can be loaded to 
and from the accumulator. Outputs are statically 
latched but inputs to the ports are sampled at the time 
an IN instruction is executed. In addition, immediate 


data from program memory can be ANDed and ORed 


directly to PORTS 1 and 2 with the result remaining on 
the port. This allows “masks” stored in program mem- 
ory to be used to set or reset individual bits on the I/O 
ports. PORTS 1 and 2 are configured to allow input on 
a given pin by first writing a “1” to the pin. 


Four additional 4-bit ports are available through the 


8243 I/O expander device. The 8243 interfaces to the 
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UPI-41A/41AH/42/42AH peripheral interface via 
four PORT 2 lines which form an expander bus. The 
8243 ports have their own AND and OR instructions 
like the on-board ports, as well as move instructions to 
transfer data in or out. The expander AND or OR in- © 
structions, however, combine the contents of the accu- 


mulator with the selected port rather than with imme- 
diate data as is done with the on-board ports. 


INSTRUCTION SET DESCRIPTION 


The following section provides a detailed description of 
each UPI instruction and illustrates how the instruc- 
tions are used. 


For further information about programming the UPI, 
consult the 8048/8041AH Assembly Language Manual. 


Table 3-1. Symbols and Abbreviations Used 


Accumulator 
Carry 


FLAG 0, FLAG 1 (C/D flag) 
Interrupt 

Mnemonic for “in-page” operation 
Program Counter 

Port designator (p = 1, 2, or 4-7) 
Program Status Word 


Register designator (r = 0-7) 
Stack Pointer 
Status register 


TEST 0, TEST 1 
Immediate data prefix 
Indirect address prefix 
Double parentheses show the effect of @, 
that is @RO is shown as ((RO)). 
Contents of 
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Table 3-2. instruction Set Summary 


Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle 


ACCUMULATOR DATA MOVES (Continued) 

ADD A, Rr Add register to A MOVP A, @A_ Move to A from current 
ADD A, @Rr Add data memory to A page 

ADDA, #data Add immediate to A MOVP3 A, Move to A from page 3 
ADDC A, Rr Add register to A with carry @A 

ADDC A, @Rr Add data memory to A TIMER/COUNTER 


with carry ’ 

ADDC A, Add immediate to A ON Pa: -* OR TiTea Cena 
é MOV T,A Load Timer/Counter 
# data with carry ; 
STRT T Start Timer 
ANL A, Rr And register to A 
STRT CNT Start Counter 
ANLA, @Rr And data memory to A é 
ANLA, #data And immediate to A STOP TONT Stop Timer/Counter 
: EN TCNTI Enable Timer/Counter 


ORL A, Rr Or register to A ; ; 
ORL A, @Rr Or data memory to A DIS TCNTI Disable Timer/Counter 


ORLA, #data Orimmediate toA Interrupt 
XRL A, Rr Exclusive Or CONTROL 
register to A EN DMA Enable DMA Handshake 
XRL A, @Rr Exclusive Or data Lines 
memory to A EN | Enable IBF interrupt 
XRLA, #data Exclusive Or DIS | Disable IBF interrupt 
immediate to A EN FLAGS Enable Master Interrupts 
INCA Increment A SEL RBO Select register bank 0 
Decrement A SEL RB1 Select register bank 1 
Clear A NOP No Operation 
Complement A 
Decimal Adjust A ‘apse rsa 
Swap nibbles of A INC @Rr 
Rotate A left 


Rotate A left 
through carry SUBROUTINE 


Rotate A right CALL addr Jump to subroutine 


Rotate A right Return 
through carry Return and restore status 


Increment register 
Increment data memory 
Decrement register 


INPUT/OUTPUT 

IN A, Pp Input port to A 

OUTL Pp, A Output A to port 

ANL Pp, #data And immediate to port 
ORL Pp, #data Or immediate to port 

IN A,DBB Input DDB to A, clear IBF 
OUT DBB, A Output A to DBB, Set OBF 
MOV STS,A A4-A7 to bits 4-7 of status 
MOVD A,Pp Input Expander port to A 
MOVD Pp,A Output A to Expander port 
ANLD Pp,A And A to Expander port DJNZ Rr, Decrement register 
ORLD Pp,A Or A to Expander port addr and jump on non-zero 


DATA MOVES JC addr Jump on Carry = 1 

MOV A, Rr Move register to A JNC addr Jump on Carry = 0 

MOV A, @Rr Move data memory to A JZ addr Jump on A zero 

MOV A, #data Move immediate to A JNZ addr Jump on A not zero 

MOV Rr, A Move A to register JTO addr Jump on To = 1 

MOV @Rr, A Move A to data memory JNTO addr Jump on Tp = 0 

MOV Rr, #data Move immediate to register JT1 addr Jump on T; = 1 

MOV @Rr, Move immediate to JNT1 addr Jump on T; = 0 

#data data memory JFO addr Jump on Fo Flag = 1 

MOV A, PSW Move PSW to A JF1 addr Jump on F, Flag = 1 

MOV PSW, A Move A to PSW JTF addr Jump on Timer Flag = 1 

XCH A, Rr Exchange A and registers JNIBF addr Jump oniBF Flag = 0 

XCH A, @Rr Exchange A and JOBF addr Jump on OBF Flag = 1 
data memory JBb addr Jump on Accumulator Bit 

XCHD A, Exchange digit of A 

@Rr and register 
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Clear Carry 
Complement Carry 
Clear Flag 0 
Complement Flag 0 
Clear F; Flag 
Complement F, Flag 


BRANCH 


JMP addr Jump unconditional 
JMPP @A Jump indirect 


a ee ee ae ee ee et 
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ALPHABETIC LISTING 


ADD A,Rr Add Register Contents to Accumulator 


Opcode: 


Example: 


The contents of register ‘r’ are added to the accumulator. Carry is affected. 


(A) <— (A) + (Rr) r= 0-7 
ADDREG: ADD A,R6 -ADD REG 6 CONTENTS 
‘TO ACC 


ADDA,@Rr Add Data Memory Contents to Accumulator 


Opcode: 


Example: 


forte [ooor| 


The contents of the standard data memory location address by register ‘r’ bits O—7 are added 
to the accumulator. Carry is affected. 


(A) <— (A) + (Rn) r=0-1 
ADDM: MOV RO, #47 :MOVE 47 DECIMAL TO REG 0 
ADD A,@RO -ADD VALUE OF LOCATION 
:47 TO ACC 


ADD A,#data Add immediate Data to Accumulator 


Opcode: 


Example: 


0000/0011]. d7 dg ds dg | dg do dy do 


This is a 2-cycle instruction. The specified data is added to the accumulator. Carry is affected. 
(A) <— (A) + data 


ADDID: ADD A,#ADDER ;ADD VALUE OF SYMBOL 
. ;ADDER’ TO ACC 


ADDCA,Rr Add Carry and Register Contents to Accumulator 
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opcode: [0111 
The content of the carry bit is added to accumulator location 0. The contents of register ‘r’ are 
then added to the accumulator. Carry is affected. 
(A) <— (A) + (Rr) + (C r = 0-7 
Example: ADDRGC: ADDC A,R4 ;ADD CARRY AND REG 4 
| ;CONTENTS TO ACC 
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ADDCA,@Rr Add Carry and Data Memory Contents to Accumulator 


The content of the carry bit is added to accumulator location 0. Then the contents of the 
standard data memory location addressed by register ‘r’ bits O—7 are added to the accumula- 
tor. Carry is affected. 


(A) <— (A) + (Rr) + © —& = Ol 
Example: ADDMC: MOV R1,#40 ;MOV ‘40’ DEC TO REG 1 
ADDC A,@RI ;ADD CARRY AND LOCATION 40 
;CONTENTS TO ACC 


/ 


ADDC A,#data Add Carry and Immediate Data to Accumulator 


Opcode: | 0001 | 0011] © | dy de ds da | da de di do 


This is a 2-cycle instruction. The content of the carry bit is added to accumulator location 0. 
Then the specified data is added to the accumulator. Carry is affected. 
(A) < (A) + data + (C) 


Example: ADDC A,#255 ;ADD CARRY AND ‘225° DEC = 
;TO ACC 


ANLA,Rr Logical AND Accumulator With Register Mask 


Opcode: | 0101 | teri to 


Data in the accumulator is logically ANDed with the mask contained in working register ‘r’. 


(A) < (A) AND (Rr) r= 0-7 
Example: ANDREG: ANL A,R3 ‘AND’ ACC CONTENTS WITH MASK 
-MASK IN REG 3 


ANLA,@Rr Logical AND Accumulator With Memory Mask 


Data in the accumulator is logically ANDed with the mask contained in the data memory 
location referenced by register ‘r’, bits O—7. 


(A) <— (A) AND ((Rr)) = 0-1 
Example: ANDDM: MOV RO,#0FFH MOV ‘FF’ HEX TO REG 0 
ANL A, #0AFH ;AND’ ACC CONTENTS WITH 
;MASK IN LOCATION 63 
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ANL A,#data Logical AND Accumulator With immediate Mask 


Opcode: | 0101] 0011 | © | dz de ds dg | dg do dy do 


This is a 2-cycle instruction. Data in the accumulator is logically ANDed with an immediate- 
ly-specified mask. 
(A) <— (A) AND data 


Example: ANDID: ANL A,#0AFH AND’ ACC CONTENTS 
;WITH MASK 10101111 
ANL A, #3+X/Y AND’ ACC CONTENTS 
;WITH VALUE OF EXP 
oT ae YX : 


ANL PP,#data Logical AND PORT 1-2 With Immediate Mask 


Opcode: | 1001] 10; po | *| dz de ds dg | dg do dy do 


This is a 2-cycle instruction. Data on the port ‘p’ is logically ANDed with an immediately- 
specified mask. 
(Pp) <—- (Pp) AND data p = 1-2 


Note: Bits 0-1 of the opcode are used to represent PORT 1 and PORT 2. If you are coding in binary 
rather than assembly language, the mapping is as follows: 


Example: ANDP2: ANL P2,#OFOH ‘AND’ PORT 2 CONTENTS 
-WITH MASK‘FO’ HEX 
(CLEAR P20-23) 


ANLD Pp,A Logical AND Port 4-7 With Accumulator Mask 


This is a 2-cycle instruction. Data on port ‘p’ on the 8243 expander is logically ANDed with 
the digit mask contained in accumulator bits 0-3. 
(Pp) <— (Pp) AND (A0-3) p = 4-7 


Note: The mapping of Port ‘p’ to opcode bits pj, po is as follows: 


0 
0 
1 
1 


NOOO 


Example: ANDP4: ANLD P4,A SAND’ PORT 4 CONTENTS 
| ;WITH ACC BITS 0-3 
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CALL address Subroutine Call 


Opcode: 0100} 


This is a 2-cycle instruction. The program counter and PSW bits 4-7 are saved in the stack. 
The stack pointer (PSW bits 0-2) is updated. Program control is then passed to the location 
specified by ‘address’. 


Execution continues at the instruction following the CALL upon return from the subroutine. 
((SP)) <— (PC), (PSW4_7) 

(SP) <— (SP) + 1 

(PCg_9) <— (addrg_g) 

(PCo_7) <— (addro_7) 


Example: Add three groups of two numbers. Put subtotals in locations 50, 51 and total in location 52. 


MOV RO, #50 -MOVE ‘50’ DEC TO ADDRESS 
‘REG 0 
BEGADD: MOV A,R1 ‘MOVE CONTENTS OF REG 1 
‘TO ACC 
ADD A,R2 -ADD REG 2 TO ACC 
CALL SUBTOT -CALL SUBROUTINE ‘SUBTOT” 
ADD A,R3 -ADD REG 3 TO ACC 
ADD A,R4 -ADD REG 4 TO ACC 
CALL SUBTOT «CALL SUBROUTINE ‘SUBTOT” 
ADD A,R5 -ADD REG 5 TO ACC 
ADD A,R6 -ADD REG 6 TO ACC 
CALL SUBTOT «CALL SUBROUTINE ‘SUBTOT” 
SUBTOT: MOV @RO,A ‘MOVE CONTENTS OF ACC TO 
‘LOCATION ADDRESSED BY 
-REG 0 
INC RO -INCREMENT REG 0 
RET ‘RETURN TO MAIN PROGRAM 


CLRA Clear Accumulator 


Opcode: 


The contents of the accumulator are cleared to zero. 
(A) <— 00H 


CLRC Clear Carry Bit 


During normal program execution, the carry bit can be set to one by the ADD, ADDC, RLC, 
CPLC, RRC, and DAA instructions. This instruction resets the carry bit to zero. 
(C) <— 0 


CLRF1 Clear Flag 1 


The Fj flag is cleared to zero. 
(Fy): +=" 0 
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CLRFO Clear Flag 0 


Fo flag is cleared to zero. 
(Fo) <— 0 


CPLA Complement Accumulator 


The contents of the accumulator are complemented. This is strictly a one’s complement. Each 
one is changed to zero and vice-versa. 
(A) <—- NOT (A) 


Example: Assume accumulator contains 01101010. 
CPLA: CPL A ;ACC CONTENTS ARE COMPLE- 
‘MENTED TO 10010101 


CPLC Complement Carry Bit 


Opcode: 


The setting of the carry bit is complemented; one is changed to zero, and zero is changed to 
one. 
(C) -4—-NoT (Cc) 


Example: Set C to one; current setting is unknown. 


CT01: CLR C ;C IS CLEARED TO ZERO 
CPL C ;C IS SET TO ONE 
CPL FO COMPLEMENT FLAG 0 


Opcode: 


The setting of Flag 0 is complemented; one is changed to zero, and zero is changed to one. 
Fo <— NOT (FO) 


CPLF1 Complement Flag 1 


Opcode: [1011 | 0101 


The setting of the F; Flag is complemented; one is changed to zero, and zero is changed to 
one. 
(F}) <— NOT (F)) 
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DAA _ Decimal Adjust Accumulator 


The 8-bit accumulator value is adjusted to form two 4-bit Binary Coded Decimal (BCD) digits 
following the binary addition of BCD numbers. The carry bit C is affected. If the contents of 
bits O—3 are greater than nine, or if AC is one, the accumulator is incremented by six. 


The four high-order bits are then checked. If bits 4-7 exceed nine, or if C is one, these bits are 
increased by six. If an overflow occurs, C is set to one; otherwise, it is cleared to zero. 


Example: Assume accumulator contains 9AH. 


DA A ;ACC ADJUSTED TO 01H with C set 
Cc. AC ACC 
0 O 9AH INITIAL CONTENTS 
06H ADD SIX TO LOW DIGIT 
0 O AlH 


60H ADD SIX TO HIGH DIGIT 


ee 01H RESULT 


| DEC A Decrement Accumulator 


Opcode: 


The contents of the accumulator are decremented by one. 
(A) &= (A) = 1 


Example: Decrement contents of data memory location 63. 


MOV RO, #3FH ;MOVE ‘3F’ HEX TO REG 0 

MOV A,@RO ;MOVE CONTENTS OF LOCATION 63 
;TO ACC 

DEC A ;DECREMENT ACC 

MOV @RO,A ;MOVE CONTENTS OF ACC TO 
;LOCATION 63 


DEC Rr Decrement Register 


The contents of working register ‘r’ are decremented by one. 
(Rr) 4— (Kr). = 1 r= 0-7 


Example: DECRI1: DEC Rl ;DECREMENT ADDRESS REG 1 


DIS! Disable IBF Interrupt 


Opcode: | 0001 | 0101 


The input Buffer Full interrupt is disabled. The interrupt sequence is not initiated by WR and 
CS, however, an IBF interrupt request is latched and remains pending until an EN I (enable 
IBF interrupt) instruction is executed. 


Note: The IBF flag is set and cleared independent of the IBF interrupt request so that handshaking 
protocol can continue normally. 
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DIS TCNTI Disable Timer/Counter Interrupt 


The timer/counter interrupt is disabled. Any pending timer interrupt request is cleared. The 
interrupt sequence is not initiated by an overflow, but the timer flag is set and time accumula- 
tion continues. 


DJNZ Rr, address Decrement Register and Test 


Opcode: | 1 1 1 0 ' 


This is a 2-cycle instruction. Register ‘r’ is decremented and tested for zero. If the register 
contains all zeros, program control falls through to the next instruction. If the register con- 
tents are not zero, control jumps to the specified address within the current page. 

(Rr): 4— (Rr) —-1 | 

If R # 0, then; 

(PCo_7) <— addr 


Note: A 10-bit address specification does not cause an error if the DJNZ instruction and the jump 
target are on the same page. If the DJNZ instruction begins in location 255 of a page, it will 
jump to a target address on the following page. Otherwise, it is limited to a jump within the 
current page. 


Example: Increment values in data memory locations 50-54. 


MOV RO, #50 ;MOVE ‘50’ DEC TO ADDRESS 
sREG 0 

MOV R3, #05 ;MOVE ‘5S’ DEC TO COUNTER 
sREG 3 

INCRT: INC @RO ;sINCREMENT CONTENTS OF 

;sLOCATION ADDRESSED BY 
;REG 0 

INC RO ;INCREMENT ADDRESS IN REG 0. 

DJINZ R3,INCRT ;DECREMENT REG 3——-JUMP TO 
INCRT’ IF REG 3 NONZERO 

NEXT—— |NEXT’ ROUTINE EXECUTED 
;IF R3 IS ZERO 


EN DMA _ Enable DMA Handshake Lines 


Opcode: 


DMA handshaking is enabled using P26 as DMA request (DRQ) and P27 as DMA acknowl- 
edge (DACK). The DACK lines forces CS and Ag low internally and clears DRQ. 


ENFLAGS Enable Master Interrupts 


Opcode: 


The Output Buffer Full (OBF) and the Input Buffer Full (IBF) flags (IBF is inverted) are 
routed to P74 and P25. For proper operation, a‘“‘1”’ should be written to P25 and P4 before the 
EN FLAGS instruction. A “0” written to P24 or P25 disables the pin. 
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EN! Enable IBF Interrupt 


Opcode: 0000 | 0101 


The Input Buffer Full interrupt is enabled. A low signal on WR and CS initiates the interrupt 
sequence. 


EN TCNTI Enable Timer/Counter Interrupt 


Opcode: 


The timer/counter interrupt is enabled. An overflow of this register initiates the interrupt 
sequence. 


INA,DBB Input Data Bus Buffer Contents to Accumulator 


Opcode: 0010 


Data in the DBBIN register is transferred to the accumulator and the Input Buffer Full (IBF) 
flag is set to zero. 

(A) < (DBB) 

(IBF) <— 0 


Example: INDBB: IN A,DBB ;sINPUT DBBIN CONTENTS TO 
| ;ACCUMULATOR 


INA,Pp Input Port 1-2 Data to Accumulator 


Opcode: 


This is a 2-cycle instruction. Data present on port ‘p’ is transferred (read) to the accumulator. 


(A) < (Pp) p = 1-2 (see ANL instruction) 
Example: INP 12: IN A,P1 ;sINPUT PORT 1 CONTENTS 
;TO ACC 
MOV R6,A ;MOVE ACC CONTENTS TO 
;REG 6 
IN A,P2 INPUT PORT 2 CONTENTS 
;TO ACC 
MOV R7,A sMOVE ACC CONTENTS TO REG 7 


INC A Increment Accumulator 


Opcode: Go001)8011741 


The contents of the accumulator are incremented by one. 
(A) 4 Ja eo 


Example: Increment contents of location 10 in data memory. 


INCA: MOV RO, #10 ‘MOV ‘10’ DEC TO ADDRESS 
-REG 0 
MOV A,@RO -MOVE CONTENTS OF LOCATION 
:10 TO ACC 
INCA -INCREMENT ACC 
MOV @RO,A ‘MOVE ACC CONTENTS TO 


;LOCATION 10 
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INC Rr Increment Register 


Opeode: [0001 [inn 


The contents of working register ‘r’ are incremented by one. 


(Rr) — (Rr + 1 r= 0-7 
Example: INCRO: INC RO -INCREMENT ADDRESS REG 0 


INC @Rr Increment Data Memory Location 


The contents of the resident data memory location addressed by register ‘r’ bits 0-7 are 
incremented by one. 


(Rr) <— (Rr) + 1 ra! 
Example: INCDM: MOV R1,#OFFH ;MOVE ONES TO REG 1 
INC @R1 ;sINCREMENT LOCATION 63 


JBb address Jump If Accumulator Bit is Set 


This is a 2-cycle instruction. Control passes to the specified address if accumulator bit ‘b’ is set 


to one. 
(PCo_7) addr ifb = 1 
(PC) < (PC) + 2 ifb = 0 
Example: JB4IS1: JB4 NEXT ;sJUMP TO ‘NEXT’ ROUTINE 


;IF ACC BIT 4 = 1 


JC address Jump If Carry Is Set 


Opcode: | 1111] 0110] © | a7 a6 a5 a | a3 a2 a1 0 


This is a 2-cycle instruction. Control passes to the specified address if the carry bit is set to 
one. 


(PCo_7) <— addr ifC = 1 
(PC) 4: (PC) +2 ifC =0 
Example: JCl: JC OVERFLOW ;sJUMP TO ‘OVFLOW’ ROUTINE 
IFC = 1 


JFO address Jump If Flag 0 is Set 


Opcode: | 1011 | 0110] © | a7 a6 a5 a4 | a5 a 81 20 


This is a 2-cycle instruction. Control passes to the specified address if flag 0 is set to one. 


(PCo_7) <— addr if Fo = 1 
Example: JFOIS1: JFO TOTAL sSJUMP TO ‘TOTAL’ ROUTINE 
: SIF Fo ='1 
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JF1address Jump If C/D Flag (F1) Is Set 


Opcode: | 0111/0110] © | a7 a6 a5 a | a3 a2 81 20 


This is a 2-cycle instruction. Control passes to the specified address if the C/D flag (F)) is set 


to one. 
(PCo_7) <— addr ifF; = 1 
Example: JF 1181: JF1 FILBUF -sJUMP TO ‘FILBUF’ 


sROUTINE IF F; = 1 


JMP address Direct Jump Within 1K Block 


Opcode: | aio a9 a9 0 | 0100 | » 


This is a 2-cycle instruction. Bits 0-10 of the program counter are replaced with the directly- 
specified address. 

(PCg_i09) <— addr 8-10 

(PCo_7) <— addr 0-7 


Example: JMP SUBTOT JUMP TO SUBROUTINE ‘SUBTOT’ 
JMP $-6 sJUMP TO INSTRUCTION SIX LOCATIONS 
;BEFORE CURRENT LOCATION 
JMP 2FH JUMP TO ADDRESS ‘2F’ HEX 


JMPP @A Indirect Jump Within Page 


Opcode: | 1011 | 0011 | 


This is a 2-cycle instruction. The contents of the program memory location pointed to by the 
accumulator are substituted for the ‘page’ portion of the program counter (PC 0-7). 


(PCo-7) <~ (A)) 


Example: Assume accumulator contains OFH 
JMPPAG: JMPP @A ;sJMP TO ADDRESS STORED IN 
;LOCATION 15 IN CURRENT PAGE 


JNC address Jump If Carry Is Not Set 


Opcode: [111010110] | a7 a6 a5 a4 | a9 a2 a1 a0 


This is a 2-cycle instruction. Control passes to the specified address if the carry bit is not set, 
that is, equals zero. 


(PCo_7) <— addr ifC =0 
Example: JCO: JNC NOVFLO :-JUMP TO ‘NOVFLO’ ROUTINE 
APC =') 


JNIBF address Jump If input Buffer Full Flag is Low 


This is a 2-cycle instruction. Control passes to the specified address if the Input Buffer Full 
flag is low (IBF = 0). 


(PCo_7) <— addr if IBF = 0 
Example: LOC 3:JNIBF LOC 3 -JUMP TO SELF IF IBF = 0 
-OTHERWISE CONTINUE 
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JNTO address Jumpif TEST 0 is Low 


This is a 2-cycle instruction. Control passes to the specified address, if the TEST 0 signal is 
low. Pin is sampled during SYNC. 


(PCo_7) < addr if To = 0 
Example: JTOLOW: JNTO 60 -JUMP TO LOCATION 60 DEC 
IF Ty = 0 


JNT1 address Jump If TEST 1is Low 


Opcode: [0100] 0110] 


This is a 2-cycle instruction. Control passes to the specified address if the TEST 1 signal is low. 
Pin is sampled during SYNC. 


(PCo_7) <— addr ifT,; =0 
Example: JTILOW: JNT1 OBBH ;sJUMP TO LOCATION ‘BB’ HEX 
jIFT, =0 


JNZ address Jump If Accumulator Is Not Zero 


Opcode: | 1001/0110] © | a7 a6 a5 a4 | a9 a a1 29 


This is a 2-cycle instruction. Control passes to the specified address if the accumulator con- 
tents are nonzero at the time this instruction is executed. 


(PCo_7) < addr if A +0 
Example: JACCNO: JNZ OABH JUMP TO LOCATION ‘AB’ HEX 
IF ACC VALUE IS NONZERO 


JOBF Address Jump If Output Buffer Full Flag Is Set 


Opcode: | 1000] 0110] 


This is a 2-cycle instruction. Control passes to the specified address if the Output Buffer Full 
(OBF) flag is set (= 1) at the time this instruction is executed. 


(PCo_7) <— addr if OBF = 1 
Example: JOBFHI: JOBF OAAH ;sJUMP TO LOCATION ‘AA’ HEX 
;IF OBF = 1 


JTF address Jump If Timer Flag is Set 


Opcode: | 0001/0110] * 


This is a 2-cycle instruction. Control passes to the specified address if the timer flag is set to 
one, that is, the timer/counter register overflows to zero. The timer flag is cleared upon 
execution of this instruction. (This overflow initiates an interrupt service sequence if the timer- 
overflow interrupt is enabled.) 


(PCo_7) <— addr if TF = | 
Example: JTF1: JTF TIMER sJUMP TO ‘TIMER’ ROUTINE 
uF se =a 
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JTO address Jump lf TEST 0 Is High 


This is a 2-cycle instruction. Control passes to the specified address if the TEST 0 signal is 
high (= 1). Pin is sampled during SYNC. 7 


(PCo_7) <— addr if Tp = 1 
Example: JTOHI: JTO 53 ;sJUMP TO LOCATION 53 DEC 
SIF Tp = 1 


JT1i address Jump If TEST 1 Is High 


This is a 2-cycle instruction. Control passes to the specified address if the TEST 1 signal is 
high (= 1). Pin is sampled during SYNC. 


(PCo_7) <— addr ifT, = 1 
Example: JT1HI: JT1 COUNT JUMP TO ‘COUNT’ ROUTINE 
IFT; = 1 


JZaddress Jump If Accumulator Is Zero 


Opcode: T1000 TOLL * a7 ag a5 a4 | ag ap ay ap | 


This is a 2-cycle instruction. Control passes to the specified address if the accumulator con- 
tains all zeros at the time this instruction is executed. 


(PCo_7) <— addr ifA = 0 
Example: JACCO: JZ OA3H :-JUMP TO LOCATION ‘A3’ HEX 
-IF ACC VALUE IS ZERO 


MOV A,#data Move Immediate Data to Accumulator 


Opcode: 0010 ;0011 =] © | dz dg ds dg | dg do dy do 


This is a 2-cycle instruction. The 8-bit value spedified by ‘data’ is loaded in the accumulator. 
(A) <— data 


Example: MOV A,#0OA3H ;MOV ‘A3’? HEX TO ACC 


MOV A,PSW Move PSW Contents to Accumulator 


Opcode: 


The contents of the program status word are moved to the accumulator. 


(A) <— (PSW) 
Example: Jump to ‘RBISET’ routine if bank switch, PSW bit 4, is set. 
BSCHK: MOV A,PSW ;MOV PSW CONTENTS TO ACC 
JB4 RB1 SET ;sJUMP TO ‘RBISET’ IF ACC 


;BIT 4 = 1 
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MOV A,Rr Move Register Contents to Accumulator 


Opcode: 


Example: 


Eight bits of data are moved from working register ‘r’ into the accumulator. 


(A) <— (Rr) r= 0-7 
MAR: MOV A,R3 ;MOVE CONTENTS OF REG 3 
;TO ACC 


MOV A,@Rr Move Data Memory Contents to Accumulator 


Opcode: 


Example: 


EREESXITS 


The contents of the data memory location addressed by bits 0-7 of register ‘r’ are moved to 
the accumulator. Register ‘r’ contents are unaffected. 


(A) <— ((Rr)) r= 0-1 

Assume R1 contains 00110110. 

MADM: MOV A,@RI1 ;MOVE CONTENTS OF DATA MEM 
sLOCATION 54 TO ACC 


MOV A,T Move Timer/Counter Contents to Accumulator 


Opcode: 


Example: 


9100] 0010) 


The contents of the timer/event-counter register are moved to the accumulator. The timer/ 
event-counter is not stopped. 
(A) €="{1) 


Jump to “Exit” routine when timer reaches ‘64’, that is, when bit 6 is set—assuming initializa- 
tion to zero. 


TIMCHK: MOV A,T ;MOVE TIMER CONTENTS TO 
;ACC 
JB6 EXIT sJUMP TO ‘EXIT’ IF ACC BIT 


Se 


MOV PSW,A Move Accumulator Contents to PSW 


Opcode: 


Example: 


4-44 


The contents of the accumulator are moved into the program status word. All condition bits 
and the stack pointer are affected by this move. 


(Pow) a (A) 
Move up stack pointer by two memory locations, that is, increment the pointer by one. 
INCPTR: MOV A,PSW ;MOVE PSW CONTENTS TO ACC 

INCA ;sINCREMENT ACC BY ONE 

MOV PSW,A ;MOVE ACC CONTENTS TO PSW 


fi 
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MOV Rr,A Move Accumulator Contents to Register 


The contents of the accumulator are moved to register ‘r’ 


(Rr) <— (A) r= 0-7 
Example: MRA MOV RO,A -MOVE CONTENTS OF ACC TO 
‘REG 0 


MOV Rr,#data Move immediate Data to Register 


Opcode: | 1011 | 1121410] © | dz de ds dy | dg do dy do 


This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved to register ‘r’. 
(Rr) <— data r= 0-7 


Example: MIR4: MOV R4,#HEXTEN -THE VALUE OF THE SYMBOL 
“HEXTEN’ IS MOVED INTO 
: -REG 4 

MIRS: MOV RS, #PI*(R*R) -THE VAUE OF THE 
-EXPRESSION ‘PI*(R*R)’ 
-IS MOVED INTO REG 5 

MIR6: MOV R6,#OADH ‘AD’ HEX IS MOVED INTO 
REG 6 


MOV @Rr,A Move Accumulator Contents to Data Memory 


Opcode: | 1010] 0001 


The contents of the accumulator are moved to the data memory location whose address is 
specified by bits 0-7 of register ‘r’. Register ‘r’ contents are unaffected. 


((Rr)) < (A) r=f-! 
Example: Assume RO contains 11000111. | 
MDMA: MOV @R,A ;MOVE CONTENTS OF ACC TO 
;LOCATION 7 (REG) 


MOV @Rr,#data Move Immediate Data to Data Memory 


Opcode: | 1011 | 000r| © | dz dg ds dy | dg do dy do 


This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved to the standard data 
memory location addressed by register ‘r’, bit O-—7. 


Example: Move the hexadecimal value AC3F to locations 62-63. 


MIDM: MOV RO, # 62 ;MOVE ‘62? DEC TO ADDR REGO 
MOV @RO, #OACH : ;MOVE ‘AC’ HEX TO LOCATION 62 
INC RO ;SINCREMENT REG 0 TO ‘63’ 
MOV @RO, #3FH ;MOVE ‘3F’ HEX TO LOCATION 63 
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MOV STS,A Move Accumulator Contents to STS Register 


Opcode: 


The contents of the accumulator are moved into the status register. Only bits 4—7 are affected. 
(STS4_7) <— (A4q_7) 


Example: — Set ST4-ST7 to “1”. 
MSTS: MOV A, #0FOH SET ACC 
MOV STS,A ;MOVE TO STS 


, 


MOV T,A Move Accumulator Contents to Timer/Counter 


The contents of the accumulator are moved to the timer/event-counter register. 
(I) = MA) 


Example: Initialize and start event counter. 


INITEC: CLR A ;CLEAR ACC TO ZEROS 
MOV T,A ;MOVE ZEROS TO EVENT COUNTER 
STRT CNT ;SSTART COUNTER 


MOVD A,Pp Move Port 4-7 Data to Accumulator 


Opcode: | 0000 


This is a 2-cycle instruction. Data on 8243 port ‘p’ is moved (read) to accumulator bits 0-3. 
Accumulator bits 4-7 are zeroed. 

(Ap_3) <— Pp 3 p47 

(A4_7) <— 0 


Note: Bits 0-1 of the opcode are used to represent PORTS 4-7. If you are coding in binary rather 
than assembly language, the mapping is as follows: 


Example: INPPT5: MOVD A,P5 ‘MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 


MOVD Pp,A Move Accumulator Data to Port 4, 5,6 and 7 


Opcode: 11 py Po 


This is a 2-cycle instruction. Data in accumulator bits 0-3 is moved (written) to 8243 port ‘p’. 
Accumulator bits 4-7 are unaffected. (See NOTE above regarding port mapping.) 


Example: Move data in accumulator to ports 4 and 5. 


OUTP45: MOVD P4,A ;MOVE ACC BITS 0-3 TO PORT 4 
SWAP A sEXCHANGE ACC BITS 0-3 AND 4-7 
MOVD P5,A ;MOVE ACC BITS 0-3 TO PORT 5 
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MOVP A,@A Move Current Page Data to Accumulator 


This is a 2-cycle instruction. The contents of the program memory location addressed by the 
accumulator are moved to the accumulator. Only bits 0—7 of the program counter are affected, 
limiting the program memory reference to the current page. The program counter is restored 
following this operation. , 


(A) <— ((A)) 


Note: This a 1-byte, 2-cycle instruction. If it appears in location 255 of a program memory page, @A 
addresses a location in the following page. 


Example: MOV128: MOV A, #128 ;MOVE ‘128’ DEC TO ACC 
MOVP A,@A ;CONTENTS OF 129TH LOCATION 
;sIN CURRENT PAGE ARE MOVED TO 
;ACC 


MOVP3 A,@A Move Page 3 Data to Accumulator 


This is a 2-cycle instruction. The contents of the program memory location within page 3, 
addressed by the accumulator, are moved to the accumulator. The program counter is restored 
following this operation. 

(A) <— ((A)) within page 3 


Example: Look up ASCII equivalent of hexadecimal code in table contained at the beginning of page 3. 
Note that ASCII characters are designated by a 7-bit code; the eighth bit is always reset. 


TABSCH: MOV A, #OB8H ;MOVE ‘B8’ HEX TO ACC (10111000) 
ANL A, #7FH ;sLOGICAL AND ACC TO MASK BIT 
37 (00111000) 
MOVP3, A,@A ;MOVE CONTENTS OF LOCATION 
38° HEX IN PAGE 3 TO ACC 
(ASCII ‘8’) 
Access contents of location in page 3 labelled TAB1. Assume current program location is not 
in page 3. 
TABSCH: MOV A, #TABI1 ;sISOLATE BITS 0-7 
;OF LABEL 
;ADDRESS VALUE 
MOVP3 A,@A ;MOVE CONTENT OF PAGE 3 
;LOCATION LABELED ‘TAB!’ 
;TO ACC 


NOP The NOP Instruction 


No operation is performed. Execution continues with the following instruction. 


ORLA,Rr Logical OR Accumulator With Register Mask 


Opcode: 6 +.0:0 


Data in the accumulator is logically ORed with the mask contained in working register ‘r’. 


(A) < (A) OR (Rr) r = 0-7 
Example: ORREG: ORL A,R4 OR’ ACC CONTENTS WITH 
;MASK IN REG 4 
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ORLA,@Rr Logical OR Accumulator With Memory Mask 


Data in the accumulator is logically ORed with the mask contained in the data memory 
location referenced by register ‘r’, bits 0-7. 


(A) <— (A) OR ((Rr)). r= 0-1 
Example: ORDM: MOVE RO, #3FH ‘MOVE °3F’ HEX TO REG 0 
ORL A, @RO ““OR’ ACC CONTENTS WITH MASK 
-IN LOCATION 63 


ORL A,#Data Logical OR Accumulator With Immediate Mask 


Opcode: 0100;0011 | © | dz dg ds dg | dg do dy do 


This is a 2-cycle instruction. Data in the accumulator is logically ORed with an immediately- 
specified mask. 
(A) <— (A) OR data 


Example: ORID: ORL A, #‘X’ OR’ ACC CONTENTS WITH MASK 
-01011000 (ASCII VALUE OF ‘X’) 


ORL Pp,#data_ Logical OR Port 1-2 With Immediate Mask 


Par: Or peas Ot | Or Sere 


This is a 2-cycle instruction. Data on port ‘p’ is logically ORed with an immediately-specified 


mask. 
(Pp) <— (Pp) OR data p = 1-2 (see OUTL instruction) 
Example: ORP1: ORL P1,#OFH SOR’ PORT 1 CONTENTS WITH 
;MASK ‘FF’ HEX (SET PORT 1 
‘TO ALL ONES) 


ORLD Pp,A_ Logical OR Port 4-7 With Accumulator Mask 


Opcode: | 1000 | 11 Pi Po 


This is a 2-cycle instruction. Data on 8243 port ‘p’ is logically ORed with the digit mask 
contained in accumulator bits 0-3, 


(Pp) (Pp) OR (Ao_3) p = 4-7 (See MOVD instruction) 
Example: ORP7: ORLD P7,A OR’ PORT 7 CONTENTS 
-WITH ACC BITS 0-3 


OUT DBB,A Output Accumulator Contents to Data Bus Buffer 


| Opeode: 


Contents of the accumulator are transferred to the Data Bus Buffer Output register and the 
Output Buffer Full (OBF) flag is set to one. 

(DBB) <— (A) 

OBF <— 1 , 


Example: OUTDBB: OUT DBB,A ;OUTPUT THE CONTENTS OF 
;THE ACC TO DBBOUT 
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OUTLPp,A Output Accumulator Data to Port 1 and 2 


Opcode: 


Note: 


Example: 


ooO7 7 1 0 py po 


This is a 2-cycle instruction. Data residing in the accumulator is transferred (written) to port 
‘p’ and latched. 
(Pp) <— (A) P = 1-2 


Bits O—1 of the opcode are used to represent PORT 1 and PORT 2. If you are coding in binary 
rather than assembly language, the mapping is as follows: 


OUTLP; MOV A,R7 ;MOVE REG 7 CONTENTS TO ACC 
OUTL P2,A ;OUTPUT ACC CONTENTS TO PORT2 
MOV A,R6 ;MOVE REG 6 CONTENTS TO ACC 
OUTL P1,A ;OUTPUT ACC CONTENTS TO PORT 1 


RET Return Without PSW Restore 


Opcode: 


jto00}|oo1t 


This is a 2-cycle instruction. The stack pointer (PSW bits 0-2 is decremented. The program 
counter is then restored from the stack. PSW bits 4-7 are not restored. 

(SP) €— (SF) — | 

(PC) <— ((SP)) 


RETR Return With PSW Restore 


Opcode: 


This is a 2-cycle instruction. The stack pointer is decremented. The program counter and bits 
4-7 of the PSW are then restored from the stack. Note that RETR should be used to return 
from an interrupt, but should not be used within the interrupt service routine as it signals the 
end of an interrupt routine. 

(SP) .<— {(SP):— A 

(PC) <— ((SP)) 

(PSW4_7) <— ((SP)) 


RLA_ Rotate Left Without Carry 


Opcode: 


Example: 


The contents of the accumulator are rotated left one bit. Bit 7 is rotated into the bit 0 position. 


(An+1) <— (An) n = 0-6 

(Ap) <— (A7) 

Assume accumulator contains 10110001. 

RLNC: RLA sNEW ACC CONTENTS ARE 01100011 
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RLCA_ Rotate Left Through Carry 


Opcode: 


Example: 


The contents of the accumulator are rotated left one bit. Bit 7 replaces the carry bit; the carry 
bit is rotated into the bit 0 position. 


(An+1) (An) n = 0-6 
(Ao) <— (©) 
(C) <— (A7) 
Assume accumulator contains a ‘signed’ number; isolate sign without changing value. 
RLTC: CLR C ;CLEAR CARRY TO ZERO 

RLCA ;ROTATE ACC LEFT, SIGN 

;BIT (7) IS PLACED IN CARRY 
RRA sROTATE ACC RIGHT—VALUE 


;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, BIT 7 
;IS ZERO 


RRA _ Rotate Right Without Carry 


Opcode: 


Example 


The contents of the accumulator are rotated right one bit. Bit 0 is rotated into the bit 7 
position. 


(A) <— (An + pd n ="0-6 

(A7) <— (Ao) 

Assume accumulator contains 10110001. 

RRNC: RRA sNEW ACC CONTENTS ARE 11011000 


RRC A_ Rotate Right Through Carry 
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Opcode: 


Example 


The contents of the accumulator are rotated one bit. Bit 0 replaces the carry bit; the carry bit is 
rotated into the bit 7 position. 


(A,) #— (Ay + DD n = 0-6 
(A7) <— (©) 
oF 
Assume carry is not set and accumulator contains 10110001. 
RRTC: RRCA ;CARRY IS SET AND ACC 
;CONTAINS 01011000 
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SEL RBO Select Register Bank 0 


Opcode: 


PSW BIT 4 is set to zero. References to working registers 0O—7 address data memory locations 
0-7. This is the recommended setting for normal program execution. 
(BS) <— 0 


SEL RB1 Select Register Bank 1 


Opcode: 


Example: 


PSW bit 4 is set to one. References to working registers 0-7 address data memory locations 
24—31. This is the recommended setting for interrupt service routines, since locations 0-7 are 
left intact. The setting of PSW bit 4 in effect at the time of an interrupt is restored by the 
RETR instruction when the interrupt service routine is completed. 


Assume an IBF interrupt has occurred, control has passed to program memory location 3, and 
PSW bit 4 was zero before the interrupt. 


LOC3: JMP INIT JUMP TO ROUTINE ‘INIT’ 
INIT: MOV R7,A -MOV ACC CONTENTS TO 
‘LOCATION 7 

SEL RBI ‘SELECT REG BANK 1 
MOV R7,#OFAH ‘MOVE ‘FA’ HEX TO LOCATION 31 
SEL RBO ‘SELECT REG BANK 0 
MOV A.R7 ‘RESTORE ACC FROM LOCATION 7 
RETR -RETURN——RESTORE PC AND PSW 
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STOP TCNT Stop Timer/Event Counter 


Opcode: | 0110] 0101 


This instruction is used to stop both time accumulation and event counting. 


Example: Disable interrupt, but jump to interrupt routine after eight overflows and stop timer. Count 
overflows in register 7. 


START: DIS TCNTI ;DISABLE TIMER INTERRUPT 
CLR A ;CLEAR ACC TO ZERO 
MOV T,A ;MOV ZERO TO TIMER 
MOV R7,A ;MOVE ZERO TO REG 7 
STRT T START TIMER 
MAIN: JTF COUNT ;sJUMP TO ROUTINE ‘COUNT’ 
;IF TF = 1 AND CLEAR TIMER FLAG 
JMP MAIN ;CLOSE LOOP 
COUNT: INC R7 ;SINCREMENT REG 7 
MOV A,R7 ;MOVE REG 7 CONTENTS TO ACC 
JB3 INT ;SJUMP TO ROUTINE ‘INT’ IF ACC 
sBIT 3 IS SET (REG 7 = 8) 
JMP MAIN ;OTHERWISE RETURN TO ROUTINE 
;MAIN 
INT: STOP TCNT ;STOP TIMER 
JMP 7H ;JUMP TO LOCATION 7 (TIMER 
;|INTERRUPT ROUTINE) 


STRT CNT Start Event Counter 


Opcode: | 0100] 0101 | 


The TEST 1 (T;) pin is enabled as the event-counter input and the counter is started. The 
event-counter register is incremented with each high to low transition on the T, pin. 


Example: Initialize and start event counter. Assume overflow is desired with first T; input. 


STARTC: EN TCNTI sENABLE COUNTER INTERRUPT 
MOV A,#OFFH ;MOVE ‘FF’ HEX (ONES) TO 
sACC 
MOV T,A ;MOVE ONES TO COUNTER 
STRT CNT sINPUT AND START 


STRTT Start Timer 


Timer accumulation is initiated in the timer register. The register is incremented every 32 
instruction cycles. The prescaler which counts the 32 cycles is cleared but the timer register is 
not. 


Example: Initialize and start timer. 


STARTT: EN TCNTI ;ENABLE TIMER INTERRUPT 
CLRA :>CLEAR ACC TO ZEROS 
MOV T,A ;MOVE ZEROS TO TIMER " 
STRT T ;sSTART TIMER 
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SWAP A_ Swap Nibbles Within Accumulator 


Bits O—3 of the accumulator are swapped with bits 4-7 of the accumulator. 


(A4_7) <> (Ao-_3) 
Example: Pack bits 0-3 of locations 50-51 into location 50. 
PCKDIG: MOV RO, #50 ;MOVE ‘50’ DEC TO REG 0 
MOV R1,#51 ;MOVE ‘51’ DEC TO REG 1 
XCHD A,@RO sEXCHANGE BIT 0-3 OF ACC 
;AND LOCATION 50 
SWAP A ;SWAP BITS 0-3 AND 4-7 OF ACC 
XCHD A,@ R1 ;EXCHANGE BITS 0-3 OF ACC AND 
;sLOCATION 51 
MOV @RO,A ;MOVE CONTENTS OF ACC TO 
;sLOCATION 51 


XCH ARr Exchange Accumulator-Register Contents 


The contents of the accumulator and the contents of working register ‘r’ are exchanged. 


(A) <— (Rr) r = 0-7 
Example: Move PSW contents to Reg 7 without losing accumulator contents. 
XCHAR7: XCH A,R7 sEXCHANGE CONTENTS OF REG 7 
;AND ACC 
MOV A,PSW ;MOVE PSW CONTENTS TO ACC 
XCH, A,R7 sEXCHANGE CONTENTS OF REG 7 
;AND ACC AGAIN 


XCHA,@Rr Exchange Accumulator and Data Memory Contents 


Opcode: | 0010 | 000r 


The contents of the accumulator and the contents of the data memory location addressed by 
bits O—7 of register ‘r’ are exchanged. Register ‘r’ contents are unaffected. 


(A) <—> (Rr)) ale ae, 
Example: Decrement contents of location 52. 
DEC 52: MOV RO, #52 ;MOVE ‘52’ DEC TO ADDRESS 
;REG 0 
XCH A,@RO sEXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 
DEC A ;sDECREMENT ACC CONTENTS 
XCH A,@RO sEXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 AGAIN 
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XCHD A,@Rr Exchange Accumulator and Data Memory 4-bit Data 


Opcode: [0011] 0001 


This instruction exchanges bits 0-3 of the accumulator with bits 0-3 of the data memory 
location addressed by bits 0-7 of register ‘r’. Bits 4-7 of the accumulator, bits 4—7 of the data 
memory location, and the contents of register ‘r’ are unaffected. 


(Ao-3) <> ((Rro-_3)) aed ot | 
Example: Assume program counter contents have been stacked in locations 22-23. 
XCHNIB: MOV RO, #23 ;MOVE ‘23’ DEC TO REG 0 
CLRA ;CLEAR ACC TO ZEROS 
XCHD A,@RO sEXCHANGE BITS 0-3 OF ACC 


;AND LOCATION 23 (BITS 8-11 
;OF PC ARE ZEROED, ADDRESS 
;REFERS TO PAGE 0) 


XRLA,Rr Logical XOR Accumulator With Register Mask 


Sedu Fates 


Data in the accumulator is EXCLUSIVE ORed with the mask contained in working register 


r 


- (A) <—> (A) XOR (Rr) r=0-7 
Example: XORREG: XRL A,R5 -“XOR’ ACC CONTENTS WITH 
-MASK IN REG 5 


XRLA,@Rr Logical XOR Accumulator With Memory Mask 


Opcode: | 1101] 000r 


Data in the accumulator is EXCLUSIVE ORed with the mask contained in the data memory 
location address by register ‘r’, bits 0-7. 


(A) < (A) XOR (Rn) r=0-1 
Example: XORDM: MOV R1,#20H ‘MOVE ‘20’ HEX TO REG 1 
XRL A,@R1 -“XOR’ ACC CONTENTS WITH MASK 
-IN LOCATION 32 


XRL A,#data, Logical XOR Accumulator With Immediate Mask 


Opcode: TWO fs O°0°4 Tes) Gy dg de dy | Ga do G4 Gy 


This is a 2-cycle instruction. Data in the accumulator is EXCLUSIVE ORed with an immedi- 
ately-specified mask. 
(A) < (A) XOR data 


Example: XORID: XRL A,#HEXTEN ;XOR CONTENTS OF ACC WITH 
;MASK EQUAL VALUE OF SYMBOL 
;SHEXTEN’ 
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: CHAPTER 4 
SINGLE-STEP AND PROGRAMMING 
POWER-DOWN MODES 


SINGLE-STEP 


The UPI family has a single-step mode which allows 
the user to manually step through his program one in- 
struction at a time. While stopped, the address of the 
next instruction to be fetched is available on PORT 1 
and the lower 2 bits of PORT 2. The single-step feature 
simplifies program debugging by allowing the user to 
easily follow program execution. 


MOMENTARY 
PUSH TO STEP 


Figure 4-1 illustrates a recommended circuit for single- 
step operation, while Figure 4-2 shows the timing rela- 
tionship between the SYNC output and the SS input. 
During single-step operation, PORT 1 and part of 
PORT 2 are used to output address information. In 
order to retain the normal I/O functions of PORTS 1 
and 2, a separate latch can be used as shown in Figure 
4-3, 


TOSS 

INPUT ON 
UPI-41A/41AH 
42/42AH 


CLEAR 


FROM 
UPI-41A/41AH/ 

42/42AH 

Ye 7474 SYNC OUTPUT 
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Figure 4-1. Single-Step Circuit 


| ACTIVE CYCLE 


SYNC 
CAUSED BY 
SS BUTTON 

ss 


P10-17 ' PORT DATA x PCO-7 x 


STOP CYCLE | activecycte | 
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Figure 4-2. Single-Step Timing 
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Figure 4-3. Latching Port Data 


Timing 


The sequence of single-step operation is as follows: 


1) The processor is requested to stop by applying a low 
level on SS. The SS input should not be brought low 
while SYNC is high. (The UPI samples the SS pin in 
the middle of the SYNC pulse). 


2) The processor responds to the request by stopping 
during the instruction fetch portion of the next in- 
struction. If a double cycle instruction is in progress 
when the single-step command is received, both cy- 
cles will be completed before stopping. 


3) The processor acknowledges it has entered the 
stopped state by raising SYNC high. In this state, 
which can be maintained indefinitely, the 10-bit ad- 
dress of the next instruction to be fetched is preset 
on PORT 1 and the lower 2 bits of PORT 2. 


4) SS is then raised high to bring the processor out of 
the stopped mode allowing it to fetch the next in- 
struction. The exit from stop is indicated by the proc- 
essor bringing SYNC low. 
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5) To stop the processor at the next instruction SS must 
be brought low again before the next SYNC pulse— 
the circuit in Figure 4-1 uses the trailing edge of the 
previous pulse. If SS is left high, the processor re- 
mains in the “RUN” mode. 


Figure 4-1 shows a schematic for implementing single- 
step. A single D-type flip-flop with preset and clear is 
used to generate SS. In the RUN mode SS is held high 
by keeping the flip-flop preset (preset has precedence 
over the clear input). To enter single-step, preset is re- 
moved allowing SYNC to bring SS low via the clear 
input. Note that SYNC must be buffered since the 
SN7474 is equivalent to 3 TTL loads. 


The processor is now in the stopped state. The next 
instruction is initiated by stoppe state. The next instruc- 
tion is initiated by clocking “1” the flip-flop. This “1” 
will not appear on SS unless SYNC is high (l.e., clear 
must be removed from the flip-flop). In response to SS 
going high, the processor begins an instruction fetch 
which brings SYNC low. SS is then reset through the 
clear input and the processor again enters the stopped 
state. 
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EXTERNAL ACCESS 


The UPI family has an External Access mode (EA) 
which puts the processor into a test mode. This mode 
allows the user to disable the internal program memory 
and execute from external memory. External Access 
mode is useful in testing because it allows the user to 
test the processor’s functions directly. It is only useful 
for testing since this mode uses Dop—D7, PORTS 10-17 
and PORTS 20-22. 


This mode is invoked by connecting the EA pin to 5V. 
The 11-bit current program counter contents then come 
out on PORTS 10-17 and PORTS 20-22 after the 
SYNC output goes high. (PORT 10 is the least signifi- 
cant bit.) The desired instruction opcode is placed on 
Do-—D7 before the start of state S;. During state S), the 
opcode is sampled from Do—D7 and subsequently exe- 
cuted in place of the internal program memory con- 
tents. 


The program counter contents are multiplexed with the 
I/O port data on PORTS 10-17 and PORTS 20-22. 
The I/O port data may be demultiplexed using an ex- 
ternal latch on the rising edge of SYNC. The program 
counter contents may be demultiplexed similarly using 
the trailing edge of SYNC. 


Reading and/or writing the Data Bus Buffer registers is 
still allowed although only when Dg-D7 are not being 


sampled for opcode data. In practice, since this sam- - 


pling time is not known externally, reads or writes on 
the system bus are done during SYNC high time. Ap- 
proximately 600 ns are available for each read or write 
cycle. 


POWER DOWN MODE 
(UPI-41AH/42AH ONLY) 


Extra circuitry is included in the UPI-41AH/42AH 
version to allow low-power, standby operation. Power 
is removed from all system elements except the inter- 
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nal data RAM in the low-power mode. Thus the con- 
tents of RAM can be maintained and the device draws 
only 10 to 15% of its normal power. 


The Vcc pin serves as the 5V power supply pin for all 
of the UPI-41AH/42AH version’s circuitry except the 
data RAM array. The Vpp pin supplies only the RAM 
array. In normal operation, both Vcc and Vpp are 
connected to the same 5V power supply. 


To enter the Power-Down mode, the RESET signal to 
the UPI is asserted. This ensures the memory will not 
be inadvertently altered by the UPI during power- 
down. The Vcc pin is then grounded while Vpp is 
maintained at 5V. Figure 4-4 illustrates a recommended 
Power-Down sequence. The sequence typically occurs 
as follows: 


1) Imminent power supply failure is detected by user 
defined circuitry. The signal must occur early 
enough to guarantee the UPI-41AH/42AH can save 
all necessary data before Vcc falls outside normal 
operating tolerance. 


2) A “Power Failure” signal is used to interrupt the 
processor (via a timer overflow interrupt, for in- 
stance) and call a Power Failure service routine. 


3) The Power Failure routine saves all important data 
and machine status in the RAM array. The routine 
may also initiate transfer of a backup supply to the 
Vpp pin and indicate to external circuitry that the 
Power Failure routine is complete. 


_ 4) A RESET signal is applied by external hardware to 


guarantee data will not be altered as the power sup- 
ply falls out of limits. RESET must be low until Voc 
reaches ground potential. 


Recovery from the Power-Down mode can occur as 
any other power-on sequence. An external 1 fd capac- 
itor on the RESET input will provide the necessary 
initialization pulse. 
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Figure 4-4. Power-Down Sequence 
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CHAPTER 5 
SYSTEM OPERATION 


BUS INTERFACE 


The UPI-41A/41AH/42/42AH Microcomputer func- 
tions as a peripheral to a master processor by using the 
data bus buffer registers to handle data transfers. The 
DBB configuration is illustrated in Figure 5-1. The UPI 
Microcomputer’s 8 three-state data lines (D7— Do) con- 
nect directly to the master processor’s data bus. Data 
transfer to the master is controlled by 4 external inputs 
to the UPI: 


e Ao Address Input signifying command or data 
© CS Chip Select 
e RD Read strobe 
e WR Write strobe 


STATUS 
REGISTER 
DATA BUS 

INPUT REGISTER 
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Figure 5-1. Data Bus Register Configuration 


The master processor addresses the UPI-41A/41AH/ 
42/42AH Microcomputer as a standard peripheral de- 
vice. Table 5-1 shows the conditions for data transfer: 


Table 5-1. Data Transfer Controls 


Read DBBOUT 
Read STATUS 


Write DBBIN data, set F; = 0 
Write DBBIN command set 
Fy =1 

Disable DBB 
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Reading the DBBOUT Register 


The sequence for reading the DBBOUT register is 
shown in Figure 5-2. This operation causes the 8-bit 
contents of the DBBOUT register to be placed on the 
system Data Bus. The OBF flag is cleared automatical- 


ly. 


Reading STATUS 


The sequence for reading the UPI Microcomputer’s 8 
STATUS bits is shown in Figure 5-3. This operation 
causes the 8-bit STATUS register contents to be placed 
on the system Data Bus as shown. 
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Figure 5-2. DBBOUT Read 
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BUS CONTENTS DURING STATUS READ 


D4 D3. OD 


Ts BF 
D7 D6 D5 2 D1 DO 


Figure 5-3. Status Read 
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Figure 5-4. Writing Data to DBBIN 


Write Data to DBBIN 


The sequence for writing data to the DBBIN register is 
shown in Figure 5-4. This operation causes the system 
Data Bus contents to be transferred to the DBBIN reg- 
ister and the IBF flag is set. Also, the F flag is cleared 
(F; = 0) and an interrupt request is generated. When 
the IBF interrupt is enabled, a jump to location 3 will 
occur. The interrupt request is cleared upon entering 
the IBF service routine or by a system RESET input. 


Writing Commands to DBBIN 


The sequence for writing commands to the DBBIN reg- 
ister is shown in Figure 5-5. This sequence is identical 
to a data write except that the Ao input is latched in the 
F, flag (F; = 1). The IBF flag is set and an interrupt 
request is generated when the master writes a command 
to DBB. 


Operations of Data Bus Registers 


The UPI-41A/41AH/42/42AH Microcomputer con- 
trols the transfer of DBB data to its accumulator by 
executing INput and OUTput instructions. An IN 
A,DBB instruction causes the contents to be trans- 
ferred to the UPI accumulator and the IBF flag is 
cleared. 


The OUT DBB,A instruction causes the contents of the 
accumulator to be transferred to the DBBOUT register. 
The OBF flag is set. 


The UPI’s data bus buffer interface is applicable to a 
variety of microprocessors including the 8086, 8088, 
8085AH, 8080, and 8048. 


A description of the interface to each of these proces- 
sors follows. 
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Figure 5-5. Writing Commands to DBBIN 


DESIGN EXAMPLES 


8085AH Interface 


Figure 5-6 illustrates an 8085AH system using a UPI- 
41A/41AH/42/42AH. The 8085AH system uses a 
multiplexed address and data bus. During I/O the 8 
upper address lines (Ag—Aj5) contain the same I/O 
address as the lower 8 address/data lines (Ag—A7); 
therefore I/O address decoding is done using only the 
upper 8 lines to eliminate latching of the address. An 
8205 decoder provides address decoding for both the 
UPI and the 8237. Data is transferred using the two 
DMA handshaking lines of PORT 2. The 8237 per- 
forms the actual bus transfer operation. Using the UPI- 
41A/41AH/42/42AH’s OBF master interrupt, the 
UPI notifies the 8085AH upon transfer completion us- 
ing the RST 5.5 interrupt input. The IBF master inter- 
rupt is not used in this example. 


8088 Interface 
Figure 5-7 illustrates a UPI-41A/41AH/42/42AH in- 


- terface to an 8088 minimum mode system. Two 8-bit 


latches are used to demultiplex the address and data 
bus. The address bus is 20-lines wide. For I/O only, the 
lower 16 address lines are used, providing an address- 
ing range of 64K. UPI address selection is accom- 
plished using an 8205 decoder. The Ag address line of 
the bus is connected to the corresponding UPI input for 
register selection. Since the UPI is polled by the 8088, 
neither DMA nor master interrupt capabilities of the 
UPI are used in the figure. 


8086 Interface 


The UPI-41A/41AH/42/42AH can be used on an 
8086 maximum mode system as shown in Figure 5-8. 
The address and data bus is demultiplexed using three 
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Figure 5-6. 8085AH-UPI System 


UPI-41A/41AH 
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Figure 5-7. 8088-UPI Minimum Mode System 
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Figure 5-8. 8086-UPI Maximum Mode Systems 


8282 latches providing separate address and data buses. 
The address bus is 20-lines wide and the data bus is 16- 
lines wide. Multiplexed control lines are decoded by the 
8288. The UPI’s CS input is provided by linear selec- 
tion. Note that the UPI is both I/O mapped and memo- 
ry mapped as a result of the linear addressing tech- 
nique. An address decoder may be used to limit the 
UPI-41A/41AH/42/42AH to a specific I/O mapped 
address. Address line A; is connected to the UPI’s Ao 
input. This insures that the registers of the UPI will 
have even I/O addresses. Data will be transferred on 
Do-Dy7 lines only. This allows the I/O registers to be 
accessed using byte manipulation instructions. 


8080 Interface 


Figure 5-9 iliustrates the interface to an 8080A system. 
In this example, a crystal and capacitor are used for 
UPI-41A/41AH/42/42AH timing reference and pow- 
er-on RESET. If the 2-MHz 8080A 2-phase clock were 
used instead of the crystal, the UPI-41A/41AH/42/ 
42AH would run at only 16% full speed. 


The Ag and CS inputs are direct connections to the 
8080 address bus. In larger systems, however, either of 
these inputs may be decoded from the 16 address lines. 


The RD and WR inputs to the UPI can be either the 
IOR and IOW or the MEMR and MEMR signals de- 
pending on the I/O mapping technique to be used. 


The UPI can be addressed as an I/O device using IN- 
put and OUTput instructions in 8080 software. 


8048 Interface 


Figure 5-10 shows the UPI interface to an 8048 master 
processor. 


The 8048 RD and WR outputs are directly compatible 
with the UPI. Figure 5-11 shows a distributed process- 
ing system with up to seven UPI’s connected to a single 
8048 master processor. 


In this configuration the 8048 uses PORT 0 as a data 
bus. I/O PORT 2 is used to select one of the seven 
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Figure 5-10. 8048-UPI Interface 


UPI’s when data transfer occurs. The UPI’s are pro- 
grammed to handle isolated tasks and, since they oper- 
ate in parallel, system throughput is increased. 


GENERAL HANDSHAKING 
PROTOCOL 


1) Master reads STATUS register (RD, CS, Ao = (0, 
0, 1)) in polling or in response to either an IBF or an 
OBF interrupt. 


2) If the UPI DBBIN register is empty (IBF flag = 0), 
Master writes a word to the DBBIN register (WR, 
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CS, Ag = (0, 0, 1) or (0, 0, 0)). If Ag = 1, write 
command word, set F;. If Ag = 0, write data word, 
F; = {), 

3) If the UPI DBBOUT register is full (OBF flag = 1), 
Master reads a word from the DBBOUT register 
(RD, CS, Ag = (0,0, 0)). 

4) UPI recognizes IBF (via IBF interrupt or JNIBF). 
Input data or command word is processed, depend- 
ing on F1; IBF is reset. Repeat step 1 above. 

5) UPI recognizes OBF flag = 0 (via JOBF). Next 
word is output to DBBOUT register, OBF is set. 
Repeat step 1 above. 


& 
intel : UPI-41A/41AH/42/42AH USER’S MANUAL 


ty UPI-41A/41AH 
0 =/42/42AH 


WR UPI-41A/41AH 
AQ /42/42AH 


WR Upl-41A/41AH 
0  /42/42AH 


231318-42 


Figure 5-11. Distributed Processor System 
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CHAPTER 6 
APPLICATIONS 


ABSTRACTS 


The UPI-41A/41AH/42/42AH is designed to fill a 
wide variety of low to medium speed peripheral inter- 
face applications where flexibility and easy implementa- 
tion are important considerations. The following exam- 
ples illustrate some typical applications. 


Keyboard Encoder. 


Figure 6-1 illustrates a keyboard encoder configuration 
using the UPI and the 8243 I/O expander to scan a 
128-key matrix. The encoder has switch matrix scan- 
ning logic, N-key rollover logic, ROM look-up table, 
FIFO character buffer, and additional outputs for dis- 


play functions, control keys or other special functions. — 


PORT 1 and PORTs 4-7 provide the interface to the 
keyboard. PORT 1 lines are set one at a time to select 
the various key matrix rows. 


When a row is energized all 16 columns (i.e., PORTs 


4-7 inputs) are sampled to determine if any switch in 
the row is closed. The scanning software is code effi- 


8243 
EXPANDER 


DATA BUS 


INTERFACE 
TO 8-BIT 
MASTER 

PROCESSOR 


cient because the UPI instruction set includes individu- 
al bit set/clear operations and expander PORTs 4-7 
can be directly addressed with single, 2-byte instruc- 
tions. Also, accumulator bits can be tested in a single 
operation. Scan time for 128 keys is about 10 ms. Each 
matrix point has a unique binary code which is used to 
address ROM when a key closure is detected. Page 3 of 
ROM contains a look-up table with useable codes (i.e., 
ASCII, EBCDIC, etc.) which correspond to each key. 
When a valid key closure is detected the ROM code 
corresponding to that key is stored in a FIFO buffer in 
data memory for transfer to the master processor. To 
avoid stray noise and switch bounce, a key closure must 
be detected on two consecutive scans before it is consid- 
ered valid and loaded into the FIFO buffer. The FIFO 
buffer allows multiple keys to be processed as they are 
depressed without regard to when they are released, a 
condition known as N-key rollover. 


The basic features of this encoder are fairly standard 
and require only about 500 bytes of memory. Since the 
UPI is programmable and has additional memory ca- 
pacity it can handle a number of other functions. For 
example, special keys can be programmed to give an 
entry on closing as well as opening. Also, I/O lines are 


KEYBOARD 
MATRIX 


CONTROL BUS 
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Figure 6-1. Keyboard Encoder Configuration 


4-64 


a 

intel. 

available to control a 16-digit, 7-segment display. The 
UPI can also be programmed to recognize special com- 
binations of characters such as commands, then 


transfer only the decoded information to the master 
processor. 


Matrix Printer Interface 


The matrix printer interface illustrated in Figure 6-2 is 
a typical application for the UPI. The actual printer 
mechanism could be any of the numerous dot-matrix 
types and similar configurations can be shown for 
drum, spherical head, daisy wheel or chain type print- 
ers. 


The bus structure shown represents a generalized, 8-bit 
system bus configuration. The UPI’s three-state inter- 
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face port and asynchronous data buffer registers allow 
it to connect directly to this type of system for efficient, 
two-way data transfer. 


The UPI’s two on-board I/O ports provide up to 16 
input and output signals to control the printer mecha- — 
nism. The timer/event counter is used for generating a 
timing sequence to control print head position, line 
feed, carriage return, and other sequences. The on- 
board program memory provides character generation 
for 5 x 7, 7 x 9, or other dot matrix formats. As an 
added feature a portion of the data memory can be used 
as a FIFO buffer so that the master processor can send 
a block of data at a high rate. The UPI can then output 
characters from the buffer at a rate the printer can ac- 
cept while the master processor returns to other tasks. 
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Figure 6-2. Matrix Printer Controller 
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The 8295 Printer Controller is an example of an UPI 
preprogrammed as a dot matrix printer interface. 


Tape Cassette Controller 


Figure 6-3 illustrates a digital cassette interface which 
can be implemented with the UPI. Two sections of the 
tape transport are controlled by the UPI: digital data/ 
command logic, and motor servo control. 


The motor servo requires a speed reference in the form 
of a monostable pulse whose width is proportional to 
the desired speed. The UPI monitors a prerecorded 
clock from the tape and uses its on-board interval timer 
to generate the required speed reference pulses at each 
clock transition. 


Recorded data from the tape is supplied serially by the 
data/command logic and is converted to 8-bit words by 
the UPI, then transferred to the master processor. At 
10 ips tape speed the UPI can easily handle the 8000 
bps data rate. To record data, the UPI uses the two 
input lines to the data/command logic which control 
the flux direction in the recording head. The UPI also 
monitors 4 status lines from the tape transport includ- 
ing: end of tape, cassette inserted, busy, and write per- 
mit. All control signals can be handled by the UPI’s 
two I/O ports. 


Universal I/O Interface 


Figure 6-4 shows an I/O interface design based on the 
UPI. This configuration includes 12 parallel I/O lines 
and a serial (RS232C) interface for full duplex data 
transfer up to 1200 baud. This type of design can be 
used to interface a master processor to a broad spec- 
trum of peripheral devices as well as to a serial commu- 
nication channel. 


PORT 1 is used strictly for I/O in this example while 
PORT 2 lines provide five functions: 


@ P53-P29_~=—WT//O lines (bidirectional) 


© P44 Request to send (RTS) 
© Py5 Clear to send (CTS) 

© Pr6 Interrupt to master 

e P>7 Serial data out 


The parallel I/O lines make use of the bidirectional 
port structure of the UPI. Any line can function as an 
input or output. All port lines are automatically initial- 
ized to 1 by a system RESET pulse and remain latched. 
An external TTL signal connected to a port line will 
override the UPI’s 50 K© internal pull-up so that an 
INPUT instruction will correctly sample the TTL sig- 
nal. 


DATA ENCODE /DECODE 
AND COMMAND 


DATA 
OUT 


PORT 1 


UPI-41A/41AH/42/42AH 


INTERFACE 
TO 8-BIT 
MASTER 

PROCESSOR 


DATA BUS 


231318-45 


Figure 6-3. Tape Transport Controller 
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Four PORT 2 lines function as general I/O similar to 
PORT 1. Also, the RTS signal is generated on PORT 2 
under software control when the UPI has serial data to | 
send. The CTS signal is monitored via PORT 2 as an 
enable to the UPI to send serial data. A PORT 2 line is 
also used as a software generated interrupt to the mas- 
ter processor. The interrupt functions as a service re- 
quest when the UPI has a byte of data to transfer or 
when it is ready to receive. Alternatively, the EN 
FLAGS instruction could be used to create the OBF 
and IBF interrupts on P74 and P95. 


The RS232C interface is implemented using the TEST 
O pin as a receive input and a PORT 2 pin as a transmit 
output. External packages (Ag, Aj) are used to provide 
RS232C drive requirements. The serial receive software 
is interrupt driven and uses the on-chip timer to per- 
form time critical serial control. After a start bit is de- 
tected the interval timer can be preset to generate an 
interrupt at the proper time for sampling the serial bit 
stream. This eliminates the need for software timing 
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1/0 


+1 


CTS RTS 


PORT 1 AND 2 
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loops and allows the processor to proceed to other tasks 
(i.e., parallel I/O operations) between serial bit sam- 
ples. Software flags are used so the main program can 
determine when the interrupt driven receive program 
has a character assembled for it. 


This type of configuration allows system designers flex- 
ibility in designing custom I/O interfaces for specific 
serial and parallel I/O applications. For instance, a sec- 
ond or third serial channel could be substituted in place 
of the parallel I/O if required. The UPI’s data memory 
can buffer data and commands for up to 4 low-speed 
channels (110 baud teletypewriter, etc.) 


Application Notes 


The following application notes illustrate the various 
applications of the UPI family. Other related publica- 
tions including the Microcontroller Handbook are avail- 
able through the Intel Literature Department. 


RS232C 
SERIAL INTERFACE 


INTERRUPT 
TPUT 
TO 
MASTER 
PROCESSOR 


te 


TRANSMIT 
DATA 


Ao 


RECEIVE 
DATA 


PORT 2 


UPI-41A/41AH/42/42AH 


DBB 


INTERFACE 
TO 8-BIT 
MASTER 

PROCESSOR 


CONTROL 


231318-46 


Figure 6-4. Universal I/O Interface 
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8-BIT SLAVE MICROCONTROLLER 


m@ UPI-41: 6 MHz; UPI-42: 12.5 MHz @ Fully Compatible with all Intel and Most 

m Pin, Software and Architecturally Other Microprocessor Families 
Compatible with all UPI-41 and UPI-42 mg Interchangeable ROM and OTP EPROM 
Products Versions 


m 8-Bit CPU plus ROM/OTP EPROM, RAM, 
1/O, Timer/Counter and Clock in a 
Single Package 


m 2048 x 8 ROM/OTP, 256 x 8 RAM on 
UPI-42, 1024 x 8 ROM/OTP, 128 x 8 


m Expandable |/O 

m Sync Mode Available 

m Over 90 Instructions: 70% Single Byte 
m Available in EXPRESS 


RAM on UPI-41, 8-Bit Timer/Counter, 18 — Standard Temperature Range 
Programmable |/O Pins @ inteligent Programming Algorithm 
m One 8-Bit Status and Two Data — Fast OTP Programming 
Registers for Asynchronous Slave-to- m Available in 40-Lead Plastic and 44- 
Master Interface Lead Plastic Leaded Chip Carrier 
m= DMA, Interrupt, or Polled Operation Packages 
Supported (See Packaging Spec., Order #240800-001) 


Package Type P and N 


The Intel UPI-41AH and UPI-42AH are general-purpose Universal Peripheral Interfaces that allow the designer 
to develop customized solutions for peripheral device control. 


They are essentially “slave” microcontrollers, or microcontrollers with a slave interface included on the chip. 
Interface registers are included to enable the UPI device to function as a slave peripheral controller in the MCS 
Modules and iAPX family, as well as other 8-, 16-, and 32-bit systems. 


To allow full user flexibility, the program memory is available in ROM and One-Time Programmable EPROM 
(OTP). All UPI-41AH and UPI-42AH devices are fully pin compatible for easy transition from prototype to 
production level designs. 
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THE INTEL 8242 


As shown in the UPI-42 product matrix, the UPI-42 
will be offered as a pre-programmed 8042 with sev- 
eral software vendors’ keyboard controller firmware: 
The current list of available 8242 versions include 
keyboard controller firmware from both Phoenix 
Technologies Ltd. and Award Software Inc. The 
8242 is programmed with Phoenix Technologies Ltd. 
keyboard controller firmware for AT-compatible sys- 
tems. This keyboard controller is fully compatible 
with all AT-compatible operating systems and appli- 
cations. The 8242PC also contains Phoenix 


Technologies Ltd. firmware. This keyboard controller 
provides support for AT, PS/2 and most EISA plat- 
forms as well as PS/2-style mouse support for either 
AT or PS/2 platforms. 


The 8242WA contains Award Software Inc. firm- 
ware. This device provides at AT-compatible key- 
board controller for use in IBM PC AT compatible 
computers. The 8242WB contains a version of 
Award Software Inc. firmware that provides PS/2 
style mouse support in addition to the standard fea- 
tures of the 8242WA. 


*Contact factory for current code revision available in the 8242. — 
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Table 1. Pin Description 


Name and Function 


TEST INPUTS: Input pins which can be directly tested using conditional branch 
instructions. 

FREQUENCY REFERENCE: TEST 1 (T 4) also functions as the event timer input (under 
software control). TEST 0 (To) is used during PROM programming and ROM/EPROM 
verification. It is also used during Sync Mode to reset the instruction state to S1 and 
synchronize the internal clock to PH1. See the Sync Mode Section. 


INPUTS: Inputs for a crystal, LC or an external timing signal to determine the internal 
oscillator frequency. 

RESET: Input used to reset status flip-flops and to set the program counter to zero. 
RESET is also used during EPROM programming and verification. 

SINGLE STEP: Single step input used in conjunction with the SYNC output to step the 
program through each instruction (EPROM). This should be tied to + 5V when not used. 
This pin is also used to put the device in Sync Mode by applying 12.5V to it. 


CHIP SELECT: Chip select input used to select one UPI microcomputer out of several 
connected to a common data bus. 


EXTERNAL ACCESS: External access input which allows emulation, testing and 
ROM/EPROM verification. This pin should be tied low if unused. 


READ: |/O read input which enables the master CPU to read data and status words from 
the OUTPUT DATA BUS BUFFER or status register. 

COMMAND/DATA SELECT: Address Input used by the master processor to indicate 
whether byte transfer is data (Ag = 0, F1 is reset) or command (Ap = 1, F1 is set). Ag = 0 
during program and verify operations. 

WRITE: I/O write input which enables the master CPU to write data and command words 
to the UPI INPUT DATA BUS BUFFER. 

11 OUTPUT CLOCK: Output signal which occurs once per UPI instruction cycle. SYNC can 
be used as a strobe for external circuitry; it is also used to synchronize single step 
operation. 

Do-D7 | 12-19} 14-21 a DATA BUS: Three-state, bidirectional DATA BUS BUFFER lines used to interface the UPI 
ite fees een to an 8-bit master system data bus. 
27-34 fon ad PORT 1: 8-bit, PORT 1 quasi-bidirectional I/O lines. P39—P47 access the signature row 


and security bit. 
24-27} |/O | PORT 2: 8-bit, PORT 2 quasi-bidirectional |/O lines. The lower 4 bits (P29—Po3) interface 
39-42 directly to the 8243 I/O expander device and contain address and data information during 


~” = x x< 
< | a HEE 
O qlee 


-~ 


Po7 


PORT 4-7 access. The upper 4 bits (P24-P27) can be programmed to provide interrupt 
Request and DMA Handshake capability. Software control can configure P24 as Output 
Buffer Full (OBF) interrupt, Pos as Input Buffer Full (IBF) interrupt, Pog as DMA Request 
(DRQ), and P27 as DMA ACKnowledge (DACK). 


1/O | PROGRAM: Multifunction pin used as the program pulse input during PROM programming. 
During |/O expander access the PROG pin acts as an address/data strobe to the 8243. 


This pin should be tied high if unused. 
im wt tees POWER: + 5V main power supply pin. 

POWER: + 5V during normal operation. + 12.5V during programming operation. Low 
power standby supply pin. 


baat a GROUND: Circuit ground potential. 


CC 
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UPI-41AH and UPI-42AH FEATURES 

1. Two Data Bus Buffers, one for input and one for 
output. This allows a much cleaner Master/Slave 
protocol. 


INTERNAL 


OUTPUT 
DATA 


BUS 
BUFFER 
(8) 
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2. 8 Bits of Status 


Dz De Ds D4 Dg Do Dy Do 
ST4-ST7 are user definable status bits. These 
bits are defined by the ‘MOV STS, A”’ single byte, 
single cycle instruction. Bits 4-7 of the acccumu- 
lator are moved to bits 4-7 of the status register. 
Bits 0-3 of the status register are not affected. 

MOV STS, A Op Code: 90H 


ee 10 | 1 0s fro] oho 
Do 


D7 
3. RD and WR are edge triggered. IBF, OBF, F; and 


INT change internally after the trailing edge of RD 
or WR. 


: FLAGS AFFECTED 
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During the time that the host CPU is reading the 
status register, the UPI is prevented from updat- 
ing this register or is ‘locked out.’ 


.Po4 and Pos are port pins or Buffer Flag pins 


which can be used to interrupt a master proces- 
sor. These pins default to port pins on Reset. 


If the “EN FLAGS” instruction has been execut- 
ed, Pog becomes the OBF (Output Buffer Full) pin. 
A “1” written to Pog enables the OBF pin (the pin 
outputs the OBF Status Bit). A “0” written to Po, 
disables the OBF pin (the pin remains low). This 
pin can be used to indicate that valid data is avail- 
able from the UPI (in Output Data Bus Buffer). 


If “EN FLAGS” has been executed, Pos becomes 
the IBF (Input Buffer Full) pin. A “1” written to Pos 
enables the IBF pin (the pin outputs the inverse of 
the IBF Status Bit. A “0” written to Pos disables 
the IBF pin (the pin remains low). This pin can be 
used to indicate that the UPI is ready for data. 


OBF (INTERRUPT REQUEST) 


iBF (INTERRUPT REQUEST) 
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Data Bus Buffer Interrupt Capability 


EN FLAGS Op Code: OF5H 


Palade Pah a Ost bat 
Do 
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5. Pog and P97 are port pins or DMA handshake pins 
for use with a DMA controller. These pins default 
to port pins on Reset. 


If the “EN DMA” instruction has been executed, 
Pog becomes the DRQ (DMA Request) pin. A “1” RD PERIPHERAL 
written to Pog causes a DMA request (DRQ is acti- : To 

vated). DRQ is deactivated by DACKeRD, 
DACKeWR, or execution of the “EN DMA”’ in- 
struction. 


If “EN DMA” has been executed, P27 becomes 
the DACK (DMA ACKnowledge) pin. This pin acts 
as a chip select input for the Data Bus Buffer reg- 
isters during DMA transfers. 


TO 
PERIPHERAL 
° OEVICES 


210393-7 


DMA Handshake Capability 


EN DMA _ Op Code: 0E5H 


6. ey EA is enabled on the UPI, te pee 
counter is placed on Port 1 and the lower three ' pm 
bits of Port 2 (MSB = Po, LSB = P49). On the 
UPI this information is multiplexed with PORT 
DATA (see port timing diagrams at end of this 
data sheet). 

7. The 8741AH and 8742AH support the intgligent 
Programming Algorithm. (See the Programming 
Section.) 
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Figure 7. UPI-41/42-8243 Keyboard Scanner 
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Figure 4. UPI-41AH/42AH Keyboard Controller 
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Figure 8. UPI-41AH/42AH 80-Column 
Matrix Printer Interface 


PROGRAMMING AND VERIFYING THE 
8741AH AND 8742AH OTP EPROM 


Programming Verification 


In brief, the programming process consists of: acti- 
vating the program mode, applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com- 
pletely before moving on to the next and is followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 


functions: 

XTAL 1 | 2 Clock Inputs 
Initialization and Address Latching 
Selection of Program or Verify Mode 


EA Activation of Program/Verify Signature 
Row/Security Bit Modes 
BUS Address and Data Input 
Data Output During Verify 
DD 


Address Input 
Programming Power Supply 
| PROG | Program Pulse Input 


WARNING 

An attempt to program a missocketed 8741AH or 8742AH will result in 
severe damage to the part. An indication of a properly socketed part is 
the appearance of the SYNC clock output. The lack of this clock may 
be used to disable the programmer. 


UPI-41AH/42AH 


The Program/Verify sequence is: 

1.CS = 5V, Vcc = 5V, Vpp = 5V, RESET = OV, 
Ao = OV, TEST 0 = BV, clock applied or internal 
oscillator operating, BUS floating, PROG = 5V. 

2. Insert 8741AH or 8742AH in programming socket 

3. TEST 0 = OV (select program mode) 

4.EA = 12.5V (active program mode) 

5. Vcc = 6V (programming supply) 

6. Vpp = 12.5V (programming power) 

7. Address applied to BUS and Poo_22 

8. RESET = 5V (latch address) 

9. Data applied to BUS 

10. PROG = 5V followed by one 1 ms pulse to OV 

11.TEST 0 = 5V (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = OV 

14. Apply overprogram pulse 

15. RESET = OV and repeat from step 6 


16. Programmer should be at conditions of step 1 
when 8741AH or 8742AH is removed from socket 


Please follow the intgligent Programming flow chart 
for proper programming procedure. 


inteligent Programming Algorithm 


The intgligent Programming Algorithm rapidly pro- 
grams Intel 8741AH/8742AH EPROMs using an effi- 
cient and reliable method particularly suited to the 
production programming environment. Typical pro- 
gramming time for individual devices is on the order 
of 10 seconds. Programming reliability is also en- 
sured as the incremental program margin of each 
byte is continually monitored to determine when it 
has been successfully programmed. A flowchart of 
the 8741AH/8742AH inteligent Programming Algo- 
rithm is shown in Figure 9. 


The intgligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial PROG pulse(s) is one millisec- 
ond, which will then be followed by a longer overpro- 
gram pulse of length 3X msec. X is an iteration coun- 
ter and is equal to the number of the initial one milli- 
second pulses applied to a particular 8741AH/ 
8742AH location, before a correct verify occurs. Up 
to 25 one-millisecond pulses per byte are provided 
for before the overprogram pulse is applied. 
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The entire sequence of program pulses and byte 
verifications is performed at Voc = 6.0V and Vpp = 
12.5V. When the inteligent Programming cycle has 


been completed, all bytes should be compared to 
the original data with Voc = 5.0, Vpp = 5V. 


Verify 


A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
grammed. The verify is performed with TO = 5V, 
Voo = 5V, EA = 12.5V, SS = 5V, PROG = SV, 
AO = OV, and CS = S5V. 


SECURITY BIT 


The security bit is a single EPROM cell outside the 
EPROM array. The user can program this bit with the 
appropriate access code and the normal program- 
ming procedure, to inhibit any external access to the 
EPROM contents. Thus the user’s resident program 
is protected. There is no direct external access to 
this bit. However, the security byte in the signature 
row has the same address and can be used to 
check indirectly whether the security bit has been 
programmed or not. The security bit has no effect on 
the signature mode, so the security byte can always 
be examined. 


SECURITY BIT PROGRAMMING/ 
VERIFICATION 


Programming 


a. Read the security byte of the signature mode. 
Make sure it is OOH. 


UPI-41AH/42AH 


b. Apply access code to appropriate inputs to put 
the device into security mode. 


c. Apply high voltage to EA and Vpp pins. 


d. Follow the programming procedure as per the 
inteligent Programming Algorithm with known 
data on the databus. Not only the security bit, but 
also the security byte of the signature row is pro- 
grammed. 


e. Verify that the security byte of the signature 
mode contains the same data as appeared on 
the data bus. (If DBO-DB7 = high, the security 
byte will contain FFH.) 


f. Read two consecutive known bytes from the 
EPROM array and verify that the wrong data are 
retrieved in at least one verification. If the 
EPROM can still be read, the security bit may 
have not been fully programmed though the se- 
curity byte in the signature mode has. 


Verification 


Since the security bit address overlaps the address 
of the security byte of the signature mode, it can be 
used to check indirectly whether the security bit has 
been programmed or not. Therefore, the security bit 
verification is a mere read operation of the security 
byte of the signature row (OFFH = security bit pro- 
grammed; OOH = security bit unprogrammed). Note 
that during the security bit programming, the reading 
of the security byte does not necessarily indicate 
that the security bit has been successfully pro- 
grammed. Thus, it is recommended that two consec- 
utive known bytes in the EPROM array be read and 
the wrong data should be read at least once, be- 
cause it is highly improbable that random data coin- 
cides with the correct ones twice. 
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SIGNATURE MODE 


The UPI-41AH/42AH has an additional 32 bytes of 
EPROM available for Intel and user signatures and 
miscellaneous purposes. The 32 bytes are parti- 
tioned as follows: 


A. 


Test code/checksum—This can accommodate 
up to 25 bytes of code for testing the internal 
nodes that are not testable by executing from the 
external memory. The test code/checksum is 
present on ROMs, and OTPs. 


. Intel signature—This allows the programmer to 


read from the UPI-41AH/42AH the manufacturer 
of the device and the exact product name. It fa- 
cilitates automatic device identification and will 
be present in the ROM and OTP versions. Loca- 
tion 10H contains the manufacturer code. For In- 
tel, it is 89H. Location 11H contains the device 
code. 


| 

intel. 
The code is 43H and 42H for the 8042AH and 
OTP 8742AH, and 41H and 40H for the 8041AH 


and OTP 8741AH, respectively. The code is 44H 
for any device with the security bit set by Intel. 


. User signature—The user signature memory is 


implemented in the EPROM and consists of 2 
bytes for the customer to program his own signa- 
ture code (for identification purposes and quick 
sorting of previously programmed materials). 


. Test signature—This memory is used to store 


testing information such as: test data, bin num- 
ber, etc. (for use in quality and manufacturing 
control). ' 


. Security byte—This byte is used to check 


whether the security bit has been programmed 
(see the security bit section). 


The signature mode can be accessed by setting P10 = 0, P11-P17 = 1, and then following the programming 
and/or verification procedures. The location of the various address partitions are as follows: 


Diet Ge. kee Rese 
Type 

Test Code/Checksum 0 

16H 


Berseece ee kd ae 
TT usersignae atom de 
[Testsionaure | ate ROwore |e 
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OFH ROM/OTP 
1EH 


intel. 
SYNC MODE 


The Sync Mode is provided to ease the design of 
multiple controller circuits by allowing the designer 
to force the device into known phase and state time. 
The Sync Mode may also be utilized by automatic 
test equipment (ATE) for quick, easy, and efficient 
synchronizing between the tester and the DUT (de- 
vice under test). 


SYNC MODE TIMING DIAGRAMS 


UPI-41AH/42AH 


Sync Mode is enabled when SS pin is raised to high 
voltage level of +12 volts. To begin synchroniza- 
tion, TO is raised to 5 volts at least four clock cycles 
after SS. TO must be high for at least four X1 clock 
cycles to fully reset the prescaler and time state 
generators. TO may then be brought down during 
low state of X1. Two clock cycles later, with the ris- 
ing edge of X1, the device enters into Time State 1, 
Phase 1. SSis then brought down to 5 volts 4 clocks 
later after TO. RESET is allowed to go high 5 tCY (75 
clocks) later for normal execution of code. 


mut UUUU SU aa Le 


PHASE 1 


PHASE 2 


TIME STATE 


RESET OV 


Minimum Specifications 


210393-28 


SYNC Operation Time, tsync = 3.5 XTAL 1 Clock cycles. Reset Time, tag = 4 tcy. 


NOTE: 


The rising and falling edges of TO should occur during low state of XTAL1 clock. 


4-77 


UPI-41AH/42AH / . 4 intl ® 


ACCESS CODE 


The following table summarizes the access codes required to invoke the Sync Mode, Signature Mode, 
and the Security Bit, respectively. Also, the programming and verification modes are included for 


comparison. 
|_| AccessCode | 

sea |Port2| ——Portt 

_To |Rst|Ss|EA|PROG| Voo |Voc|0_1 2 3 4 5 6 7/012/01234567 
Programming | 0 | 0 |1|HV| 1 |VppH|Voc| _—=—— Address, | Addr ag ay X X X X XX 
Se OH EN Eh ood RE ES 

242 itt 1 Yee ao, _atess_ Aa fan 1 KX 1 8 4 

Pa fa fatHv] 1 [vec|vec] ———Datadut | Adar 


Sync Mode STB HV X 
High 


Control Signals 


] 


Data In 
Addr. (see Sig Mode Table) 
Data Out 
Address 


=) 


oO 
oO 


Address 
CC Data Out 


< 


<i< <i< 
sREREEE é 
T it O ls lz © 


CC 


Ree Gis See 
NOTES: 


1. aA = Oor1; a; = 0 or 1. ap must = a. 


ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ....0°C to + 70°C 


*WARNING: Stressing the device beyond the “Absolute 


Storage Temperature .......... —65°C to + 150°C Maximum Ratings” may cause permanent damage. 

Voltage on Any Pin with These are stress ratings only. Operation beyond the 

Respect to Ground.............. —0.5Vto+7V “Operating Conditions” is not recommended and ex.- 

ie Pe tended exposure beyond the “Operating Conditions” 
POWSr-LAGSIIODON so viclle s § afate's ws cad cee vhs 1.5W may affect device reliability. 


D.C. CHARACTERISTICS Ta = 0°C to + 70°C, Voc = Vpp = +5V +10% 


Input Low Voltage (Except XTAL1, XTAL2, RESET) 
Input Low Voltage (XTAL1, XTAL2, RESET) 
Input High Voltage (Except XTAL1, XTAL2, RESET) 


Input High Voltage (XTAL1, RESET) 
Input High Voltage (XTAL2) 


Output Low Voltage (Dp-D7) 
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Output Low Voltage (P19P47, PagPs7, Sync) eee a 
Output Low Voltage (PROG) Rages aa 
Output High Voltage (Dp-D7) bf «| 


NOTE: 
1. Sampled, not 100% tested. 


D.C. CHARACTERISTICS—PROGRAMMING 
Ta = 25°C +5°C, Voc = 6V +0.25V, Vpp = 12.5V +0.5V 


NOTES: 

1. Voltages over 13V applied to pin Vpp will permanently damage the device. 

2. VEaH must be applied to EA before VppH and removed after Vpp-. 

3. Voc must be applied simultaneously or before Vpp and must be removed simultaneously or after Vpp. 
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UPI-41AH/42AH : ntel ® 


A.C. CHARACTERISTICS Tj, = 0°C to +70°C, Vsg = OV, Voc = Vpp = +5V +10% 


DBB READ 


| Parameter | Min | Max 
CS, Ao Setup to RD | peetene Wet 3 


CS, Ao Hold After RD T 


a 
ey 
| tra | _RD Pulse Width Ree on Sea iemecet oe ns 
ep wes | 
ps PBL 


CS,AgtoDataOutDelay | | 180 
RD J to Data Out Delay ee ee 
RDT toDataFloatDelay | | 


DBB WRITE 


[symbol [Parameter tan 
ee 
[twa | OS: AgHoidanerwaT | 0 
[two | DataHonanerwnt | 0 


CLOCK 


[Symbol arameter | n 
Tteve(UPLAIAH/AzAH) | ClockPerod | 60 
ee 
em eis hs amet. ot, Bd 
ETAL Ee a EE 
See a ape L cheeerehte sal 


NOTE: 
1. tcy = 15/f(XTAL) 


A.C. CHARACTERISTICS DMA 


[oynbot | —~Parameter dn 
DAOK to WR or RD wat 


DACK to Data Vali sea es 
RDorWRtoDRQCleared | 


NOTE: 
1. CL = 150 pF. 
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A.C. CHARACTERISTICS—PROGRAMMING 
Ta = 25°C +5°C, Voc = 6V £0.25V, VopL = +5V £0.25V, VopH = 12.5V +0.5V 
(8741AH/8742AH ONLY) 


| symbot | Parameter | Min. | Max 
| tw | Address SetupTimetoREseTT | atoy, | 
| twa | AddressHold Time AfterRESETT | toy | 
| tow | DatainSetupTimetoPROGL | toy | 
| two | DatainHoldTimeafterPROGT | toy | 
| tw 
Ce ae 
pawn oe) 


Initial Program Pulse Width gee: FI 1.05 


[Testo Setup Tine tor ProgramModo | atey | 

[Testo Hold Tne ater Program Mode | #tcy | 
[too | TestotoDeta ut Delay 
Tn | PROG Rise and Fal Times 
[toy | CPU Operation Oye Tine 
[tne | RESET Setup Time Befors EAT 
Ttorw | Overrooram Pulse wath 


| tpe =| EA High to Vp Hiigh 


NOTES: 

1. Typical Initial Program Pulse width tolerance = 1 ms +5%. 
2. This variation is a function of the iteration counter value, X. 
3. If TEST 0 is high, topo can be triggered by RESET T. 


taw 
twa 
two 
tpw 
ttw 
twT 
tcy 
topw 


A.C. CHARACTERISTICS PORT 2 Ta = 0°C to + 70°C, Voco = +5V +10% 


eymbor [——SSCarameter «te | am | Max | ‘Unite 
ice | Port Conta Setup Before Faling Eage of PROG | 1/16tcy—28 | 65 |_| ne) 
tee | Port Control Hod After Feling Edge of PROG | 1/10ty | 128 | | ne 
ion | PROG Time P2inputMustB0Veid | @/18tey-16 |__| 060 | nt) 
oe | wputbetaodTme TL 8 180 | 
a 
a 
ime | Proarucowan ———=—S~d:CtA ty vs | ne 
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A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 2.0 DEVICE 


> TEST POINTS raed 


210393-14 
210393-15 


210393-16 210393-17 


Rise and Fall Times Should Not Exceed 10 ns. Resis- 
tors to Voc are Needed to Ensure Viy = 3.5V if TTL 
Circuitry is Used. | 


LC OSCILLATOR MODE CRYSTAL OSCILLATOR MODE 


i. C NOMINAL 1 
45H 20pF 5.2MHz f= : 
120H 20pF 3.2MHz 2mVLC 

_ © + 3Cpp 
2 


GC 


210393-19 
C1 5 pF (STRAY 5 pF) 
C2 (CRYSTAL + STRAY) 8 pF 
C3 20-30 pF INCLUDING STRAY 
Crystal Series Resistance Should 
be Less Than 302 at 12.5 MHz. 


Cpp = 5-10 pF 
Pin-to-Pin Capacitance 


210393-18 
Each C Should be Approximately 20 pF, including Stray Capacitance. 
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WAVEFORMS 


READ OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
4 ) ADORESS BUS) 


= tan - 


‘ag -—___—_— > trae 


(READ CONTROL) 


DATA BUS 
es 
(OUTPUT) * DATA VALIO Bi. 
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WRITE OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADORESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE MAY CHANGE 
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CLOCK TIMING 


210393-22 
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WAVEFORMS (Continued) 
COMBINATION PROGRAM/VERIFY MODE 


END OF 
PROGRAM ———+|+— VERIFY ———*}=- PROGRAM —| PROGRAM 


OR VERIFY 


Veqy( 12-5 V) 
EA Vy4(5V) 
Vin(5 V) 


Via (SV 
RESET 141 (5 ¥) 
Vir 1(0V) 


DBy~DB, 
Poo=P 
20 “22 V4 (0 v) 


Vopx(12.5 V) 
Vv 
OO Vont8¥) 
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NOTES: 

1. Ag must be held low (OV) during program/verify modes. 

2. For Vin, Vin, Vit» Vict, VobDH: and VppL, please consult the D.C. Characteristics Table. 

3. When programming the 8741AH/8742AH, a 0.1 wF capacitor is required across Vpp and ground to suppress spurious 
voltage transients which can damage the device. 


VERIFY MODE 


oe 


TWA ; 


DBO-DB7 ADDRESS (0-7) Bao DATA OUT NEXT ADDRESS 


RESET/ 


VIH 
P20=P22 NEXT ADDRESS 
VIL 
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NOTES: 

1. PROG must float if EA is low. 

2. PROG must float or = 5V when EA is high. 

3. Py9—-P37 = 5V or must float. 

4. Po4-Po7 = 5V or must float. 

5. Ag must be held low during programming/verify modes. 
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WAVEFORMS (Continued) 


DMA 


DATA BUS 


210393-25 


PORT 2 


SYNC 


EXPANDER 
PORT 


top ———e}_'Po 
=e 


OUTPUT PORT 29.3 DATA PORT CONTROL ‘ OUTPUT DATA ’ 


EXPANOER 
PORT 


INPUT 
PCRT 29.3 DATA (} PORT CONTROL Bao a0 cata - 


(cCp—e |<—(pc—e 


ee ne nr tn 
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PORT TIMING DURING EXTERNAL ACCESS (EA) 


p 
re PORT PORT pe 
P DATA DATA 
20-22 


210393-27 
On the Rising Edge of SYNC and EA is Enabled, Port Data is Valid and can be Strobed. On the Trailing Edge of Sync 
the Program Counter Contents are Available. 
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Mnemonic 


ACCUMULATOR 


ADD A, Rr 
ADD A, @Rr 


ADD A, #data 


ADDC A, Rr 


ADDC A, @Rr 


ADDC A, #data 


ANLA, Rr 
ANL, A @Rr 


ANLA, #data 


ORL A, Rr 
ORL, A, @Rr 


ORLA, #data 


XRL A, Rr 


XRL A, @Rr 


XRLA, #data 


INCA 
DEC A 
CLRA 
CPLA 
DAA 
SWAP A 
RLA 
RLCA 


RRA 
RRCA 


INPUT/OUTPUT 


IN A, Pp 
OUTL Pp, A 


ANL Pp, #data 


ORL Pp, #data 


IN A, DBB 

OUT DBB, A 
MOV STS, A 
MOVD A, Pp 
MOVD Pp, A 
ANLD Pp, A 


ORLD Pp, A 
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Description 


Add register to A 

Add data memory 
toA 

Add immediate to A 

Add register to A 
with carry 

Add data memory 
to A with carry 

Add immediate 
to A with carry 

AND register to A 

AND data memory 
toA 

AND immediate to A 

OR register to A 

OR data memory 
toA 

OR immediate to A 

Exclusive OR regis- 
tertoA 

Exclusive OR data 
memory to A 

Exclusive OR imme- 
diate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal Adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through 
Carry 

Rotate A right 

Rotate A right 
through carry 


Input port to A 

Output A to port 

AND immediate to 
port 

OR immediate to 
port 

Input DBB to A, 
clear IBF 

Output A to DBB, 
set OBF 

A4-A7 to Bits 4-7 of 
Status 

Input Expander 
port to A 

Output A to 
Expander port 

AND A to Expander 
port 

OR A to Expander 
port 


Table 2. UPI Instruction Set 


Bytes Cycles 


ee ee ee 


Mnemonic 


DATA MOVES 


MOV A, Rr 
MOV A, @Rr 


MOV A, #data 


MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 


MOV @Rr, 
#data 
MOV A, PSW 
MOV PSW, A 
XCH A, Rr 


XCH A, @Rr 
XCHD A, @Rr 


MOVP A, @A 


MOVP3, A, @A 


Description 


Move register to A 

Move data memory 
toA 

Move immediate to A 

Move A to register 

Move A to data 
memory 

Move immediate to 
register 

Move immediate to 
data memory 

Move PSW to A 

Move A to PSW 

Exchange A and 
register 

Exchange A and 
data memory 

Exchange digit of A 
and register 

Move to A from 
current page 

Move to A from 
page 3 


TIMER/COUNTER 
MOV A, T 
MOV T, A 
STRT T 


STRT CNT 
STOP TCNT 
EN TCNTI 


DIS TCNTI 


CONTROL 
EN DMA 


EN | 


DIS | 


EN FLAGS 


SEL RBO 


SEL RB1 


NOP 


REGISTERS 
INC Rr 
INC @Rr 


DEC Rr 


Read Timer/Counter 
Load Timer/Counter 
Start Timer 3 
Start Counter 
Stop Timer/Counter 
Enable Timer/ 
Counter Interrupt 
Disable Timer/ 
Counter Interrupt 


Enable DMA Hand- 
shake Lines 
Enable IBF Interrupt 


Diable IBF Inter- 
rupt 

Enable Master 
Interrupts 

Select register 
bank 0 

Select register 
bank 1 

No Operation 


Increment register 

Increment data 
memory 

Decrement register 


Bytes Cycles 


ae 


Mnemonic 


SUBROUTINE 
CALL addr 
RET 

RETR 


BRANCH 
JMP addr 
JMPP @A 
DJNZ Rr, addr 


JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 


JNIBF addr 
JOBF addr 


JBb addr 


Description 


Jump to subroutine 

Return 

Return and restore 
status 


Clear Carry 
Complement Carry 
Clear Flag 0 
Complement Flag 0 
Clear F1 Flag 
Complement F1 Flag 


Jump unconditional 
Jump indirect 
Decrement register 
and jump 
Jump on Carry = 1 
Jump on Carry = 0 
Jump on A Zero 
Jump on A not Zero 
Jump on TO = 1 
Jump on TO = 0 
Jump on T1 = 1 
Jump on T1 = 0 
Jump on FO Flag = 1 
Jump on F1 Flag = 1 
Jump on Timer Flag 
= 1, Clear Flag 
Jump on IBF Flag 
= 0 
Jump on OBF Flag 
= 1 
Jump on Accumula- 
for Bit 


Bytes Cycles 


2 
1 


ne) 


OMONONAONNMNN NN NY 


NONMNMONNNNNN DN PY 
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8741A 
UNIVERSAL PERIPHERAL INTERFACE 


8-BIT MICROCOMPUTER 


= 8-Bit CPU plus ROM, RAM, I/O, Timer @ Fully Compatible with All 
and Clock in a Single Package Microprocessor Families 


= One 8-Bit Status and Two Data m 3.6 MHz 8741A-8 Available 
Registers for Asynchronous Slave-to- m Expandable I/O 
Master Interface eats : “ocean 
= DMA, Interrupt, or Polled Operation " pias vig pide cic aa 
Supported @ Over 90 Instructions: 70% Single Byte 
m 1024 x 8 EPROM, 64 x 8 RAM, 8-Bit m Available in EXPRESS 
Timer/Counter, 18 Programmable 1/O — Standard Temperature Range 
Pins — Extended Temperature Range 


The Intel 8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, 
1/O ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the 
UPI device to function as a peripheral controller in MCS®-48, MCS-80, MCS-85, MCS-86, and other 8-bit 
systems. 


The UPI-41A has 1K words of program memory and 64 words of data memory on-chip. 


The device has two 8-bit, TTL compatible |/O ports and two test inputs. Individual port lines can function as 
either inputs or outputs under software control. |/O can be expanded with the 8243 device which is directly 
compatible and has 16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for 
generating timing sequences or counting external inputs. Additional UPI features include: single 5V supply, 
single-step mode for debug and dual working register banks. 


Because it’s a complete microcomputer, the UPI provides more flexibility for the designer than conventional 
LSI interface devices. It is designed to be an efficient controller as well as an arithmetic processor. Applica- 
tions include keyboard scanning, printer control, display multiplexing and similar functions which involve inter- 
facing peripheral devices to microprocessor systems. 


Pin Configuration 


Testo (1 a [7 Voc 
xTaL1 (J) 2 3017) rest 1 
XTAL2 (] 3 38 (7) P27/SATK 
WESET (4 37 [-) Pag/0RQ 
ssCi5 36 7) Pas/iBF 
ésCje 35 [) PawOBF 
eal]? af P17 
aos 337) P16 
Ao 327) Pis 
WR CC] 10 31) P14 
sync (11 UPI-41A s0f5P43 


Oo (] 12 20 [P12 
O1(} 13 281 Pa 
O2[] 14 27) P10 
03 (Lj 15 261) Yoo 
Da (] 16 251) PROG 
Os) 17 2417) P23 
Os] 18 23 7 P22 
07 22 [_) Pas 
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October 1989 
4-88 Order Number: 290241-001 


Block Diagram 


crvstau | xTaL1——— 
4c. on 
CLocKk | *TAL2 


Veo ————> + 5 SUPPLY 


Voo————~ PROM? PROGRAM SUPPLY 
POWER 
Ves —————~ @ROUND 


Do-D7_ | Three-state, bidirectional DATA BUS BUFFER 
(BUS) lines used to interface the UPI-41A to an 8-bit 
master system data bus. 


8-bit, PORT 1 quasi-bidirectional I/O lines. 


Po9—Po7 | 8-bit, PORT 2 quasi-bidirectional I/O lines. The 
lower 4 bits (P29—P23) interface directly to the 
8243 |/O expander device and contain address 
and data information during PORT 4-7 access. 
The upper 4 bits (P24—P27) can be programmed 
to provide interrupt Request and DMA 


Handshake capability. Software control can 
configure Po4 as OBF (Output Buffer Full), Pos 
as IBF (Input Buffer Full), Pog as DRQ (DMA 
Request), and P27 as DACK (DMA 
ACKnowledge). 


R 1/O write input which enables the master CPU to 
write data and command words to the UPI-41A 
INPUT DATA BUS BUFFER. 


1/O read input which enables the master CPU to 
read data and status words from the OUTPUT 
DATA BUS BUFFER or status register. 


Chip select input used to select one UPI-41A out 
of several connected to a common data bus. 


Address input used by the master processor to 
indicate whether byte transfer is data or 
command. During a write operation flag F, is set 
to the status of the Ao input. 


Input pins which can be directly tested using 
conditional branch instructions. 

(T+) also functions as the event timer input 
(under software control). To is used during 
PROM programming and verification in the 
8741A. 


INTERNAL 
bus 
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Description 


Inputs for a crystal, LC or an external timing 
XTAL 2 | signal to determine the internal oscillator 
frequency. 


SYNC _ |} Output signal which occurs once per UPI-41A 
instruction cycle. SYNC can be used as a strobe 
for external circuitry; it is also used to 
synchronize single step operation. 
EA External access input which allows emulation, 
testing and PROM verification. 
Multifunction pin used as the program pulse 
input during PROM programming. 
During |/O expander access the PROG pin acts 
as an address/data strobe to the 8243. 


RESET | input used to reset status flip-flops and to set 
the program counter to zero. 
RESET is also used during PROM programming 
and verification. 


RESET should be held low for a minimum of 8 
instruction cycles after power-up. 


Single step input used in the 8741A in 
conjunction with the SYNC output to step the 
program through each instruction. 


+5V main power supply pin. 


supply pin in ROM version. 


aa Circuit ground potential. 


ESE 
C 

DD 
S 


V 

V + 5V during normal operation. + 25V during 
programming operation. Low power standby 

V 


Ci 
S 
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UPI-41A FEATURES AND 

ENHANCEMENTS 

1. Two Data Bus Buffers, one for input and one for 
output. This allows a much cleaner Master/Slave 
protocol. 


INTERNAL 


DATA BUS 


OUTPUT 
DATA 


BUS 
BUFFER 
(8) 
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2. 8 Bits of Status 


Dy. De. Ds, Dg.-.Be...0o -. Dy Dg 


ST4-ST7 are user definable status bits. These 
bits are defined by the “MOV STS, A” single byte, 
single cycle instruction. Bits 4-7 of the accumula- 
tor are moved to bits 4-7 of the status register. 
Bits 0-3 of the status register are not affected. 


MOV STS, A Op Code: 90H 
j+Fo fo [1 fo 0 [6 [0 | 
D7 Do 


3. RD and WR are edge triggered. IBF, OBF, F, and 
INT change internally after the trailing edge of RD 
or WR. 


FLAGS AFFECTED 


RD or WR 
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4.Po54 and Pos are port pins or Buffer Flag pins 
which can be used to interrupt a master proces- 
sor. These pins default to port pins on Reset. 


If the “EN FLAGS” instruction has been execut- 
ed, Po4 becomes the OBF (Output Buffer Full) pin. 
A ‘1” written to Po4 enables the OBF pin (the pin 
outputs the OBF Status Bit). A “O” written to Po, 
disables the OBF pin (the pin remains low). This 
pin can be used to indicate that valid data is avail- 
able from the UPI41A (in Output Data Bus Buffer). 
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lf “EN FLAGS” has been executed, Pas becomes the 
IBF (Input Buffer Full) pin. A 1” written to Pos enables 
the IBF pin (the pin outputs the inverse of the IBF Status 
Bit). A “0” written to Pos disables the IBF pin (the pin 
remains low). This pin can be used to indicate that the 
UPI is ready for data. 


OBF (INTERRUPT REQUEST) 


IBF (INTERRUPT REQUEST) 
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Data Bus Buffer Interrupt Capability 


EN FLAGS Op Code: O0F5H 


. Pog and P97 are port pins or DMA handshake pins 


for use with a DMA controller. These pins default 
to port pins on Reset. 


If the “EN DMA” instruction has been executed, 
Pog becomes the DRQ (DMA Request) pin. A “1” 
written to Pog causes a DMA request (DRQ is acti- 
vated). DRQ is deactivated by DACKeRD, 
DACKeWR, or execution of the “EN DMA’ in- 
struction. 


lf “EN DMA” has been executed, Po7 becomes 
the DACK (DMA Acknowledge) pin. This pin acts 
as a chip select input for the Data Bus Buffer reg- 
isters during DMA transfers. 


UPI-41A 


DACK| P27 jo 


290241-6 
DMA Handshake Capability 


EN DMA _ Op Code: 0E5H 


it [tof of af o.) af 
D7 | Do 
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APPLICATIONS 


TO 
PERIPHERAL 
DEVICES 


’ PERIPHERAL 
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Figure 2. 8048-8741A Interface 


DOT MATRIX PRINTER 


FORM 
PRINT LF. HOLD SOLENOIOS 


MOTOR SOLENOID 
ORIVERS ORIVERS 


7OR9 


8243 
EXPANDER 


KEYBOARD 
MATRIX 


” 
z 
= 
|] 
= 
° 
oO 
= 


PRINT POSITION 
TOP OF FORM 
LINZ FEED POSITION 


PORT 2 PORT 1/PORT 2 
UPI-41A 
CONTROL 


vf 


(..._DATABUS 
a 
es 


; DATA BUS 
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Figure 3. 8741A-8243 Keyboard Scanner 


~ CONTROL BUS 
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Figure 4. 8741A Matrix Printer Interface 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 8741A EPROM 


Programming Verification 


In brief, the programming process consists of: acti- 
vating the program mode, applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com- 
pletely before moving on to the next and is followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 
functions: . 


Clock Input (1 to 6 MHz) 
Initialization and Address Latching 
Selection of Program or Verify Mode 
Activation of Program/Verify Modes 


Address and Data Input 

Data Output during Verify 

Address Input ~ 

Programming Power Supply 

Program Pulse Input 
WARNING: 
An attempt to program a missocketed 8741A will result in severe dam- 
age to the part. An indication of a properly socketed part is the ap- 


pearance of the SYNC clock output. The lack of this clock may be 
used to disable the programmer. 


The Program/Verify sequence is: 


1.Ago = OV, CS = 5V, EA = 5V, RESET = OV, 
TESTO = 5V, Vpp = 5V, clock applied or internal 
oscillator operating, BUS and PROG floating 


. Insert 8741A in programming socket 
. TEST 0 = OV (select program mode) 
. EA = 28V (active program mode) 

. Address applied to BUS and P20-1 

. RESET = 5V (latch address) 

. Data applied to BUS 


NOOO Ff W DY 
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8. Vpp = 25V (programming power) 
9. PROG = OV followed by one 50 ms pulse to 23V 
10. Vpop = 5V 
11.TEST 0 = 5V (verify mode) 
12. Read and verify data on BUS 
13. TEST 0 = OV 
14. RESET = OV and repeat from step 6 


15. Programmer should be at conditions of step 1 
when 8741A is removed from socket 


8741A Erasure Characteristics 


The erasure characteristics of the 8741A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 
4000 Angstroms (A). It should be noted that sunlight 
and certain types of fluorescent lamps have wave- 
lengths in the 3000-4000A range. Data show that 
constant exposure to room level fluorescent lighting 
could erase the typical 8741A in approximately 3 
years while it would take approximately one week to 
Cause erasure when exposed to direct sunlight. If 
the 8741A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la- 
bels are available from Intel which should be placed 
over the 8741A window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 8741A 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV 
intensity < exposure time) for erasure should be a 
minimum of 15 w-sec/cm2. The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12,000 .W/cm2 power rat- 
ing. The 8741A should be placed within one inch of 
the lamp tubes during erasure. Some lamps have a 
filter on their tubes which should be removed before 
erasure. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ....0°C to + 70°C 


*WARNING: Stressing the device beyond the “Absolute 


Storage Temperature .......... ~65°C fo + 150°C Maximum Ratings” may cause permanent damage. 
Voltage on Any Pin with These are stress ratings only. Operation beyond the 
Respect to Ground................ 0.5Vto+7V “Operating Conditions” is not recommended and ex- 
ae tended exposure beyond the “Operating Conditions” 

Power Dissipation Lerty te Cae) Lee eee ee 1.5W may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = O°C to +70°C, Vss OV, Voc = Vpop = +5V +10% 


Symbol Parameter 
V Input Low Voltage (except XTAL1, XTAL2, RESET) 


Min 

= 05 

Vis | Input Low Voltage (XTAL1, XTAL2, RESET) | -0.5 
Vin___| Input High Voltage (except XTAL!, XTAL2, RESET) | 22 | Voc 

RESET) | 3.8 

neha 

Pa 

Baek 


IL 
IH 
Input High Voltage (XTAL1, XTAL2, RESET) 
Output Low Voltage (Dp-D7) 

OL2 


V 
y 

Vou 

Von | Output High Voltage (Do-O7) | 24 | LV | ton = = 400 mA 
Vour | OutputHigh Voltage (All Other Outputs) | 24 | | V | lon = -50 mA 
Input Leakage Current (To, T1, RD,WR, CS, Ao,EA)| «| +10 | pA | Vsg < Vin < Voc. 


Output Leakage Current (Dp—D7, High Z State) +10 A Vss +0.45 
P < Vin < Voc 


lu | Low input Load Current (P10P17,Pa0Pa7) | | 0.5 | mA LV =08V 
tur | LowinputLoad Current (RESET,SS) || 0.2 | mA Vu =08V 
oo | VopSupplyCurrent =| 15 | mA | Typical = 5 mA 
Total Supply Current |_| 125 | mA | Typical = 60 mA_ 


A.C. CHARACTERISTICS T, = 0°C to + 70°C, Vssg = OV, Voc = Vpp = +5V +10% 


DBB READ 
Test Conditions 
CS, Ao Setup to RD J 


o 
BS 
a 
fe} 
zi 
I 
i) 
° 
=, 
> 


Symbot ain 

ee a Pata Sass pi oeee ne aes 
tea | CS.AnHoidaterAOT | 0 

tn | RD Pulse wet «8 pee ie ates 
Twp | €S.Aot0 Data Outdoy | 
tro | FD toate Out Ooty | 
Toy | Gyete Time ncopte741Aa) | 25 | 15 | ys | 6OMmxTAL 
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DBB WRITE 


[Symbol [Parameter 
CS, Ap Setup to WR J 
CS, Ao Hold after WR T 

WD 


WR Pulse Width 
he toe | Data Setup to WR T 
Data Hold after WR T 


’ ING SPECIFICATION FOR PROGRAMMING 
O°C to +70°C, Voc = +5V +10% 


NOTE: 
1. If TEST 0 is high, topo can be triggered by RESET T. 


D.C. SPECIFICATION FOR PROGRAMMING 
Ta = 25°C +5°C, Voc = 5V +5%, Vpp = 25V +1V 


Vpp High Voltage Supply Current 
PROG High Voltage Supply Current 


lea EA High Voltage Supply Current 


ia 


Test Conditions 
C. = 150 pF 


[Parameter Win [Wax [Unite 
Twos | BAC WRorRS to || ne 
Se 
"ea Gees 2a 
SaaS at a RE 


DACK to Data Valid 
RD or WR to DRQ Cleared 


[oymeot[_——iParameter | (in | Mae 
Fee | Port Contol Setup beoreFalingEapeofpnoa | 10 | [re | 
Tine | Port Contol Hold ater Fling Edge of PROG | 100 | [ne | 
Tien | PROGtoTimePZinptmeteevais |__| eo | ne | 
Cire [input DataoTine dO anes ea 
Pop | Output Data Setup Time =~ Pacers 
Ciro | Output Data HoT Cd AUST Se 
pees [1200 ernie 


PROG Pulse Width 


A.C. TESTING INPUT/OUTPUT WAVEFORM 


290241-23 
290241-15 


TYPICAL 8741A CURRENT 


TYPICAL 8741A CURRENT 
80 mA 
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Crystal series resistance should be 
< 752 at 6 MHz; < 1802 at 3.6 MHz. 


40° 60° 80° 
TEMP (°C) 
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DRIVING FROM EXTERNAL SOURCE 


290241-12 
Both XTAL1 and XTAL2 should be driven. 
Resistors to Vcc are needed to ensure Vi, = 3.8V 
if TTL circuitry is used. 


LC OSCILLATOR MODE 


L C NOMINAL ‘ 
45H 20pF  5.2MHz = omVlC" 
120uH 20pF  3.2MHz 
_ C + 3Cpp 


Cc 
2 


Cpp = 5-10 pF 
Pin-to-Pin Capacitance 
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Each C should be approximately 20 pF, including stray capacitance. 


WAVEFORMS 


READ OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


jon ‘< queens HATA VALID » 


290241-16 
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WAVEFORMS 
WRITE OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADORESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE \- BATA VALID -)} MAY CHANGE 


290241-17 


COMBINATION PROGRAM/VERIFY MODE 


COMBINATION PROGRAM/VERIFY MODE 


EA sy 


PROGRAM PROGRAM 


Pa aes | 


ttw 


RESET 
tno > 


taw twa 
aan d ADDRESS DATA TO BE iti DATA \ ——~SNEXT ADDR 
DBy~DB7 » 0-7) VALIDAA PROGRAMMED VALID aid VALID VALID 
P20P1 a anes ND |S 


tow 
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WAVEFORMS 
VERIFY MODE 


VERIFY MODE 


ADDRESS OUT VALID 


ADDRESS (8-9) VALID NEXT ADDRESS VALID 
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1. PROG must float if EA is low (i.e., #23V), or if TO = 5V for the 8741A. 

2. XTAL1 and XTAL2 driven by 3.6 MHz clock will give 7.17 us toy. This is acceptable for 8741-8 parts as well as 
standard parts. 

PROG must float or = 5V when EA is high. 

3. Ag must be held low (i.e., = OV) during program/verify modes. 


~ DMA 


DATA BUS 


290241-22 
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® 

PORT 2 TIMING 


SYNC 


EXPANDER 
PORT 


OUTPUT PORT 20.3 DATA PORTCONTROL OUTPUT DATA 
EXPANOER 
PORT 
Docs 


top ——e} ‘Po 
ae 


‘( 


PCRT 29.3 DATA 4 ORTCONTROL J 


jo {C P—» <—'pC—e 
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PORT TIMING DURING EXTERNAL ACCESS (EA) 


290241-18 


On the rising edge of SYNC and EA is enabled, port data is valid and can be strobed. On the trailing edge of sync the 
program counter contents are available. 
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8742 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT SLAVE MICROCONTROLLER 


m@ 8742: 12 MHz = DMA, Interrupt, or Polled Operation 
m Pin, Software and Architecturally Supported 

Compatible with 8741A = Fully Compatible with all Intel and Most 
g 8-Bit CPU plus ROM, RAM, I/O, Timer Other Microprocessor Families 


and Clock in a Single Package 


m 2048 x 8 EPROM, 128 x 8 RAM, 8-Bit 
Timer/Counter, 18 Programmable I/O 
Pins 


m One 8-Bit Status and Two Data - 
Registers for Asynchronous Slave-to- 
Master Interface 


Expandable I/O 
RAM Power-Down Capability 
Over 90 Instructions: 70% Single Byte 


Available in EXPRESS 
— Standard Temperature Range 


The Intel 8742 is a general-purpose Universal Peripheral Interface that allows designers to grow their own 
customized solution for peripheral device control. It contains a low-cost microcomputer with 2K of program 
memory, 128 bytes of data memory, 8-bit timer/counter, and clock generator in a single 40-pin package. 
Interface registers are included to enable the UPI device to function as a peripheral controller in the MCS®-48, 
MCS-51, MCS-80, MCS-85, 8088, 8086 and other 8-, 16-bit systems. 


The 8742 is software, pin, and architecturally compatible with the 8741A. The 8742 doubles the on-chip 
memory space to allow for additional features and performance to be incorporated in upgraded 8741A de- 
signs. For new designs, the additional memory and performance of the 8742 extends the UPI concept to more 
complex motor control tasks, 80-column printers and process control applications as examples. 


TESTO [11 aot jcc 
XTAL1 (1 2 39[_] Test 1 
XTAL2 (13 38 [ }P27/BACK 


RESET (_] 4 37 [) P2e/DRO 
ssCj5 36 [7 P2y/iBF 
cS] 6 35 [) P2g/OBF 
eal]? 34) P17 
ROL] 8 P16 
AoC) 9 3217) Pis 
WR (_j 10 310) P14 

SYNC [J] 11 30 TJ P13 
Do Lj 12 297 )P12 
01(_} 13 26 [ ) P11 
O2[] 14 271 J P10 
03] 15 261) Yoo 
Da (_] 16 251 ] PROG 
Os (_] 17 247) P23 
De 23 [) P22 
O7 (_] 18 22 {_) Pas 
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: Figure 1. Pin Configuration 


November 1991 
4-100 Order Number: 290256-001 
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INTERNAL 
us 


| netnentecne re ania mannan GERBRE 5 


DATA 
MEMORY 


RESIDENT 
K1 
REG BAN 128 
MASTER 


SYSTEM 
INTERFACE 


PERIPHERAL 
INTERFACE 


QJ 
CRYSTAL | xTaAL1———~— catiens CONDITIONAL 
LC, OA BRANCH 
cLtocKk | XTAL2———- LOGIC 


Vpp———~ PROM PROGRAM SUPPLY 
POWER+ Vcc ————— + 5 SUPPLY 
Vss QrnounD 


290256-1 


Figure 2. Block Diagram 
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Table 1. Pin Description 
Name and Function 


TEST INPUTS: Input pins which can be directly tested using conditional branch 
instructions. 

FREQUENCY REFERENCE: TEST 1 (T;) also functions as the event timer input (under 
software control). TEST 0 (To) is used during PROM programming and EPROM 
verification. 


INPUTS: Inputs for a crystal, LC or an external timing signal to determine the internal 
oscillator frequency. 

RESET: Input used to reset status flip-flops and to set the program counter to zero. 
RESET is also used during EPROM programming and verification. 


SINGLE STEP: Single step input used in conjunction with the SYNC output to step the 
program through each instruction (EPROM). This should be tied to + 5V when not used. 


cS CHIP SELECT: Chip select input used to select one UPI microcomputer out of several 
connected to a common data bus. 

EA 7 EXTERNAL ACCESS: External access input which allows emulation, testing and EPROM 
verification. This pin should be tied low if unused. 

READ: |/O read input which enables the master CPU to read data and status words from 
the OUTPUT DATA BUS BUFFER or status register. 

Ao COMMAND/DATA SELECT: Address Input used by the master processor to indicate 
whether byte transfer is data (Ag = 0, F1 is reset) or command (Ap = 1, F1 is set). Ag = 0 
during program and verify operations. 

WR WRITE: |/O write input which enables the master CPU to write data and command words 
to the UPI INPUT DATA BUS BUFFER. 

SYNC OUTPUT CLOCK: Output signal which occurs once per UPI instruction cycle. SYNC can 
be used as a strobe for external circuitry; it is also used to synchronize single step 
operation. 

Do-D7 12-19 1/O DATA BUS: Three-state, bidirectional DATA BUS BUFFER lines used to interface the UPI 

(BUS) microcomputer to an 8-bit master system data bus. 

© | PORT 1:6-bi, PORT t quasibidirectionall/Olines, 


27-34 PORT 1: 8-bit, PORT 1 quasi-bidirectional I/O lines. 


PORT 2: 8-bit, PORT 2 quasi-bidirectional |/O lines. The lower 4 bits (Pa9—Pa3) interface 
directly to the 8243 |/O expander device and contain address and data information during 
PORT 4-7 access. The upper 4 bits (P24—P27) can be programmed to provide interrupt 
Request and DMA Handshake capability. Software control can configure Po4 as Output 
Buffer Full (OBF) interrupt, Pos as Input Buffer Full (IBF) interrupt, Pog as DMA Request 
(DRQ), and P27 as DMA ACKnowledge (DACK). 


PROGRAM: Multifunction pin used as the program pulse input during PROM programming. 
During |/O expander access the PROG pin acts as an address/data strobe to the 8243. 
This pin should be tied high if unused. 


POWER: + 5V main power supply pin 


POWER: + 5V during normal operation. + 21V during programming operation. Low power 
standby supply pin. 


GROUND: Circuit ground potential. 
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UPI-42 FEATURES 


1. Two Data Bus Buffers, one for input and one for 
output. This allows a much cleaner Master/Slave 
protocol. 


INTERNAL 
DATA BUS 


OUTPUT 
DATA 
BUS 
BUFFER 


(8) 
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2. 8 Bits of Status 


Dy -De~ Dg. Dg Dg Do -Dy” Dg 
ST4-ST7 are user definable status bits. These 
bits are defined by the “MOV STS, A”’ single byte, 
single cycle instruction. Bits 4-7 of the acccumu- 
lator are moved to bits 4-7 of the status register. 
Bits 0-3 of the status register are not affected. 

MOV STS, A Op Code: 90H 


ROP 4 | 0]. Pe) 
Do 


D7 
3. RD and WR are edge triggered. IBF, OBF, F; and 


INT change internally after the trailing edge of RD 
or WR. 


FLAGS AFFECTED 


RD or WR 


290256-—4 


During the time that the host CPU is reading the 
status register, the 8742 is prevented from updat- 
ing this register or is “locked out”. 


4. P54 and Pos are port pins or Buffer Flag pins 
which can be used to interrupt a master proces- 
sor. These pins default to port pins on Reset. 


If the “EN FLAGS” instruction has been execut- 
ed, Po4 becomes the OBF (Output Buffer Full) pin. 
A ‘‘1” written to Po4 enables the OBF pin (the pin 
outputs the OBF Status Bit). A “0” written to Po, 
disables the OBF pin (the pin remains low). This 
pin can be used to indicate that valid data is avail- 
able from the UPI-41A (in Output Data Bus Buff- 
er). 

If “EN FLAGS” has been executed, Pas becomes 
the IBF (Input Buffer Full) pin. A “1” written to Pas 
enables the IBF pin (the pin outputs the inverse of 


8742 


the IBF Status Bit. A “0” written to Pos disables 
the IBF pin (the pin remains low). This pin can be 
used to indicate that the UPI is ready for data. 


we [P24 }- > OBF (INTERRUPT REQUEST) 


ba P25 | = IBF (INTERRUPT REQUEST) 
C) 
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Data Bus Buffer Interrupt Capability 


EN FLAGS Op Code: OF5H 


tea Aiea] BL] A OO a 
D7 Do 


5. Pog and P97 are port pins or DMA handshake pins 


for use with a DMA controller. These pins default 
to port pins on Reset. 


If the “EN DMA” instruction has been executed, 
Pog becomes the DRQ (DMA Request) pin. A ‘‘1” 
written to Pog causes a DMA request (DRQ is acti- 
vated). DRQ is deactivated by DACKeRD, 
DACKeWR, or execution of the “EN DMA”’ in- 
struction. 


If “EN DMA” has been executed, Po7 becomes 
the DACK (DMA Acknowledge) pin. This pin acts 
as a chip select input for the Data Bus Buffer reg- 
isters during DMA transfers. 
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DMA Handshake Capability 


EN DMA _ Op Code: 0E5H 


ete) (SL AOU PO OL ote 


‘ 
D7 Do 


. The RESET input on the 8742, includes a 2-stage 


synchronizer to support reliable reset operation 
for 12 MHz operation. 


. When EA is enabled on the 8742, the program 


counter is placed on Port 1 and the lower three 
bits of Port 2 (MSB = Pos, LSB = P39). On the 
8742 this information is multiplexed with PORT 
DATA (see port timing diagrams at end of this 
data sheet). 
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APPLICATIONS 


TO 

PERIPHERAL 

DEVICES 
-—T9 


6243 KEYBOARD 
EXPANDER MATRIX 


8 ROWS 


PORT2 PROG PORT 1 


PORT 2 
CONTROL 


OATA BUS 
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Figure 5. 8742-8243 Keyboard Scanner 
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TO 
PERIPHERAL 
To DEVICES 
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Figure 4. 8048H-8742 Interface 


DOT MATRIX PRINTER 


FORM 
PRINT L.F. HOLD SOLENOIDS 


MOTOR SOLENOID 
ORIVERS ORIVERS 
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Figure 6. 8742 80-Column 
Matrix Printer Interface 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 8742 EPROM 


Programming Verification 


In brief, the programming process consists of: acti- 
vating the program mode, applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com- 
pletely before moving on to the next and fs followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 


functions: 
XTAL 1 Clock-Input 
Initialization and Address Latching 


Selection of Program or Verify Mode 
Activation of Program/Verify Modes 


A 
Address and Data Input 


Data Output During Verify 

Poo-12 Address Input 
Programming Power Supply 
| PROG | Program Pulse Input 
WARNING 
An attempt to program a missocketed 8742 will result in severe dam- 
age to the part. An indication of a properly socketed part is the ap- 
pearance of the SYNC clock output. The lack of this clock may be 
used to disable the programmer. 


The Program/Verify sequence is: 


1.Ag = OV, CS = 5V, EA = 5V, RESET = OV, 
TESTO = 5V, Vpp = 5V, clock applied or inter- 
nal oscillator operating, BUS floating, PROG = 
5V. 


. Insert 8742 in programming socket 

. TEST 0 = OV (select program mode) 
. EA = 18V (active program mode) 

. Address applied to BUS and Pa9_20 

. RESET = 5V (latch address) 


on WD 


8742 


7. Data applied to BUS** 
8. Vop = 21V (programming power) 


9.PROG = Vcc followed by one 50 ms pulse to 
18V 


10. Vpp = 5V 

11.TEST 0 = 5V (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = OV 

14. RESET = OV and repeat from step 5 


15. Programmer should be at conditions of step 1 
when 8742 is removed from socket 


8742 Erasure Characteristics 


The erasure characteristics of the 8742 are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data shows that constant 
exposure to room level fluorescent lighting could 
erase the typical 8742 in approximately 3 years 
while it would take approximately one week to cause 
erasure when exposed to direct sunlight. If the 8742 
is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels are 
available from Intel which should be placed over the 
8742 window to prevent unintentional erasure. 


The recommended erasure procedure for the 8742 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV 
intensity < exposure time) for erasure should be a 
minimum of 15 w-sec/cm2. The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12,000 wW/cm2 power rat- 
ing. The 8742 should be placed within one inch of 
the lamp tubes during erasure. Some lamps have a 
filter on their tubes which should be removed before 
erasure. 
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ABSOLUTE MAXIMUM RATINGS* 


ATES LaIperne SOranape hv" OO ee * WARNING: Stressing the device beyond the “Absolute 
Storage Temperature es ee ~65°C to + 150°C Maximum Ratings” may cause permanent damage. 
Voltage on Any Pin With Respect These are stress ratings only. Operation beyond the 
Se CGI ASS, ss iste often ass —0,5:to.+ 7¥ “Operating Conditions” is not recommended and ex- 
hs tended exposure beyond the “Operating Conditions” 

POWGr DISSIDANON i at eres ecg akalds x ohn s 1.5W 


may affect device reliability. 


D.C. CHARACTERISTICS Ty, = 0° to +70°C, Voc = Vpp = +5V +10% 


Cound Meet e cnaeeeeae ae 


V Input Low Voltage (Except XTAL1, XTAL2, RESET) 
Input Low Voltage (XTAL1, XTAL2, RESET) 
Input High Voltage (Except XTAL1, XTAL2, RESET) 
Input High Voltage (XTLA1, XTAL2, RESET) 
Output Low Voltage (Dp-D7) 
V 
V 
| 
| 


Test 
Conditions 


Vss + 0.45 


Vit = 0.8V 


IL 
IH 
OL 
Output Low Voltage (P;9—P47, Poo—Po7, Sync) 
Output Low Voltage (PROG) 
Output High Voltage (Dp-D7) 
IL 
LI 
| 


VoH1 


‘li ——_| Input Leakage Current (To, T1, RD, WR, CS, Ao, EA) 


Output Leakage Current (Do-D7, High Z State) 


Tir | Low input Load Current PoP. PoP) | 
[ion | Von Supply Curent 
A 
Bg ee to 
ceteten a 


D.C. CHARACTERISTICS—PROGRAMMING 
Ta = 25°C +5°C, Voc = 5V 5%, Vpp = 21V +0.5V 


A 
A 


no) 


mae 
ey Re Pe 
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A.C. CHARACTERISTICS Ta = 0°C to + 70°C, Vsg = OV, Voc = Vpp = +5V +10% 
DBB READ . 


taR 
tRA 
toF 
tcy 


be ek oan” RS RD T to Data Float Delay 


DBB WRITE 


NOTE: 
1. Toy = 15/f(XTAL) 


A.C. CHARACTERISTICS T, = 25°C +5°C, Voc = 5V 5%, Vpp = +21V £0.5 


PROGRAMMING 
Test Conditions 


NOTE: 
If TEST 0 is high, too can be triggered by RESET T. 
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A.C. CHARACTERISTICS DMA 


oe oi al are Rem 
A a ae es eS aE 
ae a BS a ee Tee ee 
[ep DAG Ota Vals | ee ae ee 
toro | RDorWRtoDRQCleared | | 10S] 


NOTE: 
1.C, = 150 pF. 


A.C. CHARACTERISTICS PORT 2 Ta = 0°C to + 70°C, Voc = +5V +10% 


8742/8642(3) 


top __| Port Control Setup before Falling Edge of PROG | 1/15tcy—28 | 55 _nstt) | 
tec __| PortControl Hold after FallingEdge of PROG | 1/10tcy | 125 | ns) 
[tea | PROGtoTimeP2InputMustBeValid | 8/15toy-16 | | 650_| s(t) 
is 
[tp 
pee 


D5 ene 
| OutputDataSetupTime | 2/10 toy, | 250 | ns) 
Output Data Hold Time | 1/10toy-80 | 45 | ns) 
| PROGPulseWidth | /1toy, | 750 | ns 


NOTES: 

1.C, = 80 pF. 
2. CL = 20 pF. 
3. tcy = 1.25 ps. 


A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 


290256-12 
290256-11 


290256-13 
Crystal Series Resistance Should be <750 at 12 MHz; 
<1802 at 3.6 MHz. 


290256-14 
Rise and Fall Times Should Not Exceed 20 ns. Resis- 
tors to Vcc are Needed to Ensure Vi, = 3.5V if TTL 
Circuitry is Used. 
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LC OSCILLATOR MODE 


1 


= ome 


L C NOMINAL 
45H 20pF 5.2MHz co = © +. 3Cpp 


120H 20pF 3.2MHz a 2 
Cpp = 5 pF-10 pF 
Pin-to-Pin Capacitance 
290256-15 
Each C Should be Approximately 20 pF, including Stray Capacitance. 


WAVEFORMS 
READ OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


DATA BUS 
(OUTPUT) 


290256-16 


(SYSTEM'S 
ADDRESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE MAY CHANGE 
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CLOCK TIMING 


290256-23 
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WAVEFORMS 


COMBINATION PROGRAM/VERIFY MODE 


PROGRAM 


taw twa tbo > 
ADDRESS DATA TO BE DATA \ ~~. SANEXT ADDR 
DBp~DB7 yon-- 6-7) VALIDDA PROGRAMMED VALID) "7" oy VALID VALID 


LAST 


PROG 


5 aus eeeeeeeaeeeeaeae@® @e ee 2 2 32 wees e@eeeaeeeeeeeeneenee @& & 


290256-18 


VERIFY MODE 


NEXT 
ADDRESS (8-10) VALID NEXT ADDRESS VALID 


290256-19 


1. PROG must float if EA is low or EA is low or if TESTp = 5V. 
2. Ao must be held low (i.e., = OV) during program/verify modes. 
3. Test 0 must be held high. 


The 8742 EPROM can be programmed by the fol- 2. iUP-200/iUP-201 PROM Programmer with the 
lowing Intel products: iUP-F87/44 Personality Module. 


1. Universal PROM Programmer (UPP 103) periph- 
eral of the Intellec Development System with a 
UPP-549 Personality Card. 
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WAVEFORMS (Continued) 


DMA 


DATA BUS 


290256-20 


PORT 2 


SYNC 


EXPANDER 


PORT - 
OuTPUT PORT 29.3 DATA PORTCONTROL X OUTPUT DATA ’ 


EXPANDER 
PORT 


INPUT 
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PORT TIMING DURING EXTERNAL ACCESS (EA) 


P 
10-17 PORT 
od DATA 
20-22 


On the Rising Edge of SYNC and EA is Enabled, Port Data is Valid and can be Strobed on the Trailing Edge of Sync the 
Program Counter Contents are Available. 


290256-22 


4-111 


PRELIMINARY 


UPI-C42/UPI-L42 
UNIVERSAL PERIPHERAL INTERFACE 
CHMOS 8-BIT SLAVE MICROCONTROLLER 


m Pin, Software and Architecturally 
Compatible with all UPI-41 and UPI-42 
Products 

m Low Voltage Operation with the UPI- 
L42 7 
— Full 3.3V Support 


m Integrated Auto A20 Gate Support 


m@ One 8-Bit Status and Two Data 
Registers for iste haleinani Slave-to- 
Master Interface 

gw Fully Compatible with all Intel and Most 
Other Microprocessor Families 


m@ Interchangeable ROM and OTP EPROM 
Versions 


m Two New Power Down Modes Expandable I/O 
— STANDBY Sync Mode Available 
— SUSPEND 


Over 90 Instructions: 70% Single Byte 


Quick Pulse Programming Algorithm 
— Fast OTP Programming 


m Security Bit Code Protection Support 


= 8-Bit CPU plus ROM/OTP EPROM, RAM, 
1/0, Timer/Counter and Clock in a 


, m@ Available in 40-Lead Plastic, 44-Lead 
peal recenge Plastic Leaded Chip Carrier, and 
m 4096 x 8 ROM/OTP, 256 x 8 RAM 8-Bit 44-Lead Quad Flat Pack Packages 
Timer/ Counter, 18 Programmable I/O (See Packaging Spec., Order #240800, Package Type P, N, 
Pins and S) 
= DMA, Interrupt, or Polled Operation 
Supported 


The UPI-C42 is an enhanced CHMOS version of the industry standard Intel UPI-42 family. It is fabricated on 
Intel’s CHMOS III-E process. The UPI-C42 is pin, software, and architecturally compatible with the NMOS UPI 
family. The UPI-C42 has all of the same features of the NMOS family plus a larger user programmable memory 
array (4K), integrated auto A20 gate support, and lower power consumption inherent to a CHMOS product. 


The UPI-L42 offers the same functionality and socket compatibility as the UPI-C42 as well as providing low 
voltage 3.3V operation. , 


The UPI-C42 is essentially a “slave” microcontroller, or a microcontroller with a slave interface included on the 
chip. Interface registers are included to enable the UPI device to function as a slave peripheral controller in the 
MCS Modules and iAPX family, as well as other 8-, 16-, and 32-bit systems. 


To allow full user flexibility, the program memory is available in ROM and One-Time Programmable EPROM 
(OTP). 


Test oC}! 401 Veg 
xTaL1 [92 39—J Test 1 
XTAL2 C3 38 [7 P27 /DACK 
RESET C4 371) Pog /0RQ 
sscus 36) Ps /iBF 
cs Cj6 35 (5) P,, /oBF 


Vpp C91 33 EID; 
ca C7 34 P,7 Pig 42 32p, 
RO Cys 330A, ps, 3 3B, 
A, C9 32P Ps Pi,f}4 30 fF 

2 Do 
WR 10 aiden Pig P1,005 SYNC 
oa wee UPI-C42 hy ry6 UPI-C42 28 CJ wR 
Dy C412 29/9 P;, UPI-L42 ns UPI-L42 
o, C413 28OP,, Pis C47 4 27 FT Ay 


P2,/oBF C411 23,ss 


290414-1 
Figure 1. DIP Pin 
Configuration 


290414-3 
Figure 3. QFP Pin Configuration 


290414-2 
Figure 2. PLCC Pin Configuration 
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Table 1. Pin Description 


DIP PLCC QFP 
Pin Pin Pin Name and Function 
No. No. No. 


TEST 0, 18 TEST INPUTS: Input pins which can be directly tested using 

TEST 1 16 conditional branch instructions. — 
FREQUENCY REFERENCE: TEST 1 (T;) functions as the event timer 
input (under software control) and during the STANDBY power down 
mode, as a method of resuming normal operation. TEST 0 (To) is a 


multi-function pin used during PROM programming and ROM/EPROM 
verification, during Sync Mode to reset the instruction state to S1 and 
synchronize the internal clock to PH1, and during the STANDBY power 
down mode, as a method of resuming normal operation (see 
Powerdown section). 


Peart | 2 [8 | © | © | ovrpuroututtonite csclaoraneiion 


XTAL 2 iia a Fk ras INPUT: Input to the oscillator amplifier and internal clock generator 
circuits. 


RESET: Input used to reset status flip-flops and to set the program 
counter to zero. 


RESET is also used during EPROM programming and verification. 


SINGLE STEP: Single step input used in conjunction with the SYNC 
output to step the program through each instruction (EPROM). This 
should be tied to + 5V when not used. This pin is also used to put the 
device in Sync Mode by applying 12.5V to it. 


t CHIP SELECT: Chip select input used to select one UPI 
microcomputer out of several connected to a common data bus. 

EA Ys EXTERNAL ACCESS: External access input which allows emulation, 
testing and ROM/EPROM verification. This pin should be tied low if 
unused. 

RD READ: |/O read input which enables the master CPU to read data and 
status words from the OUTPUT DATA BUS BUFFER or status register. 

Ao 10 27 COMMAND/DATA SELECT: Address Input used by the master 
processor to indicate whether byte transfer is data (Ag = 0, F1 is reset) 
or command (Ap = 1, F1 is set). Ag = 0 during program and verify 
operations. 

WR WRITE: |/O write input which enables the master CPU to write data 
and command words to the UPI INPUT DATA BUS BUFFER. | 

SYNC 13 OUTPUT CLOCK: Output signal which occurs once per UPI instruction 
cycle. SYNC can be used as a strobe for external circuitry; it is also 

Do-D7 12-19 | 14-21 30-37 1/O | DATA BUS: Three-state, bidirectional DATA BUS BUFFER lines used 

(BUS) to interface the UPI microcomputer to an 8-bit master system data bus. 


used to synchronize single step operation. 
igepeed Lee 34 I/O | PORT 1:8-bit, PORT 1 quasi-bidirectional I/O lines. P;g7—P47 access 
the signature row and security bit. 


iid we 24-27 39-42 I/O | PORT 2: 8-bit, PORT 2 quasi-bidirectional |/O lines. The lower 4 bits 
39-42 | 11, 13-15 (Po9-Po3) interface directly to the 8243 I/O expander device and 

contain address and data information during PORT 4-7 access. Po; 
can be programmed to provide Auto A20 Gate support. The upper 4 
bits (P24-P27) can be programmed to provide interrupt Request and 
DMA Handshake capability. Software control can configure Po4 as 
Output Buffer Full (OBF) interrupt, Pos as Input Buffer Full (IBF) 
interrupt, Pog as DMA iene. ene and P27 as DMA ACKnowledge 
(DACK). 
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Name and Function 


PROGRAM: Multifunction pin used as the program pulse input during PROM 


; . { Ps 
UPI-C42/UPI-L42 i ntel : 
programming. 


Table 1. Pin Description (Continued) 
DIP | PLCC 
Pin Pin Pin | Type 
No. | No. No. 
PROG 43 1/0 
During |/O expander access the PROG pin acts as an address/data strobe to the 
8243. This pin should be tied high if unused. 
Vcc 
Vpp 


eer |a0s|- aden aes POWER: + 5V main power supply pin. 


1 POWER: + 5V during normal operation. + 12.75V during programming operation. 
Low power standby supply pin. 


20 | 22 | 98 | | GROUND: Circuitgroundpotentia, 


INTERNAL 
BUS 


oes 
O Sg a ag 
REGISTER 
PROGRAM 


{ 


MASTER 
SYSTEM 
INTERFACE 


INSTRUCTION 
OECODER 


PERIPHERAL 
INTERFACE 


PROM/ROM 


PROGRAM 
CRYSTAL | XTAL1-<——— MEMORY CONDITIONAL [7 Testo 
pp as XTAL2 BRANCH 
— LOGIC TEST 1 
REGISTER 


PROGRAM 
Voc —————> + 5 SUPPLY COUNTER 


Vs ————~ GROUND 


Vpo———— > PROM PROGRAM SUPPLY 12 BIT 
POWER 


8elT 
TIMER 
EVENT COUNTER 


Cs 
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Figure 4. Block Diagram 
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UPI-C42/L42 PRODUCT SELECTION GUIDE 


UPI-C42: Low power CHMOS version of the UPI-42. 


Devo [.Povtage | now [ore | commen 
ee et a oe 


82C42PC hoe Phoenix Multikey/42 firmware, PS/2 style mouse support 


82C42PD Phoenix MultikKey/42L firmware, KBC and SCC for portable apps. 
87C42 ci SS ae es One Time Programmable Version 


82C42PE Phoenix Multikey/42G firmware, Energy Efficient KBC solution 


UPI-L42: The low voltage 3.3V version of the UPI-C42. 


Dees _{ tects | Rom | orp |_—_enevtg__ 
2... ane 
82L42PD N, p, S Phoenix MultikKey/42L firenevaré: KBC and SCC for portable apps. 
e742 | ups | | 4k | OneTimeProgrammableVersion == One Time Programmable Version 


= 44 lead PLCC, P = 40 lead PDIP, S = 44 lead QFP, D = 40 lead CERDIP 
KBC = Key Board Control, SCC = Scan Code Control 


The 82C42PC provides a low powered solution for 
THE INTEL 62042 industry standard keyboard and PS/2 style mouse 
As shown in the UPI-C42 product matrix, the UPI- control. The 82C42PD provides a cost effective 
C42 is offered as a pre-programmed 80C42 with var- means for keyboard and scan code control for note- 
ious versions of MultikKey/42 keyboard controller book platforms. The 82C42PE allows a quick time to 
firmware developed by Phoenix Technologies Ltd. bivatiie low cost solution for energy efficient desk- 
top designs. 
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UPI-42 COMPATIBLE FEATURES 


1. Two Data Bus Buffers, one for input and one for 
output. This allows a much cleaner Master/Slave 
protocol. | 


INTERNAL 
DATA BUS 


HL 


290414-5 


2. 8 Bits of Status 


Dy Dg. De Dy De Do Dy =~ Dp 
ST4-ST7 are user definable status bits. These 
bits are defined by the “MOV STS, A” single 
byte, single cycle instruction. Bits 4-7 of the 
acccumulator are moved to bits 4-7 of the status 
register. Bits 0-3 of the status register are not 
affected. 

MOV STS, A Op Code: 90H 


a ope | [oe | 0 | 9: 
Do 


D7 


3. RD and WR are edge triggered. IBF, OBF, Fy and 
INT change internally after the trailing edge of RD 
or WR. 

During the time that the host CPU is reading the 
status register, the UPI is prevented from updat- 
ing this register or is ‘locked out.’ 


FLAGS AFFECTED 
RD or WR \ Y 
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4. Pog and Pos are port pins or Buffer Flag pins 


which can be used to interrupt a master proces- 
sor. These pins default to port pins on Reset. 


If the “EN FLAGS” instruction has been execut- 
ed, Po, becomes the OBF (Output Buffer Full) 
pin. A “1” written to Po, enables the OBF pin (the 
pin outputs the OBF Status Bit). A “0” written to 
Po, disables the OBF pin (the pin remains low). 
This pin can be used to indicate that valid data is 
available from the UPI (in Output Data Bus Buff- 
er). 

lf “EN FLAGS” has been executed, Pos be- 
comes the IBF (Input Buffer Full) pin. A “1” writ- 
ten to Pos enables the IBF pin (the pin outputs 
the inverse of the IBF Status Bit. A “0” written to 
Pos disables the IBF pin (the pin remains low). 
This pin can be used to indicate that the UPI is 
ready for data. 


Data Bus Buffer Interrupt Capability 
OBF | 


OBF (INTERRUPT REQUEST) 


| Pa | 
Pas | i bas P25 iBF (INTERRUPT REQUEST) 
IBF | 
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EN FLAGS Op Code: OF5H 


oi] Re as, Reb en Led 
Do 


D7 


5. Pog and P97 are port pins or DMA handshake 
pins for use with a DMA controller. These pins 
default to port pins on Reset. 


If the “EN DMA”’ instruction has been executed, 
Pog becomes the DRQ (DMA Request) pin. A ‘1” 
written to Pog causes a DMA request (DRQ is 
activated). DRQ is deactivated by DACK®RD, 
DACKeWR, or execution of the “EN DMA”’ in- 
struction. 


DMA Handshake Capability 


UPI-C42 
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lf “EN DMA” has been executed, Po7 becomes 
the DACK (DMA ACKnowledge) pin. This pin acts 


as a chip select input for the Data Bus Buffer 
registers during DMA transfers. 


EN DMA _ Op Code: 0E5H 


Eafe Poe oF foe ons 

D7 Do 

6. When EA is enabled on the UPI, the program 
counter is placed on Port 1 and the lower four 
bits of Port 2 (MSB = Poa3, LSB = P49). On the 
UPI this information is multiplexed with PORT 
DATA (see port timing diagrams at end of this 
data sheet). 


7. The UPI-C42 supports the Quick Pulse Program- 
ming Algorithm, but can also be programmed 
with the Intelligent Programming Algorithm. (See 
the Programming Section.) 


UPI-C42 FEATURES 


Programmable Memory Size Increase 


The user programmable memory on the UPI-C42 will 
be increased from the 2K available in the NMOS 
product by 2X to 4K. The larger user programmable 
memory array will allow the user to develop more 
complex peripheral control micro-code. P2.3 (port 2 
bit 3) has been designated as the extra address pin 
required to support the programming of the extra 2K 
of user programmable memory. 


The new instruction SEL PMB1 (73h) allows for ac- 
cess to the upper 2K bank (locations 2048-4095). 
The additional memory is completely transparent to 
users not wishing to take advantage of the extra 
memory space. No new commands are required to 
access the lower 2K bytes. The SEL PMBO (63h) 
has also been added to the UPI-C42 instruction set 
to allow for switching between memory banks. 


Extended Memory Program 
Addressing (Beyond 2K) 


For programs of 2K words or less, the UPI-C42 ad- 
dresses program memory in the conventional man- 
ner. Addresses beyond 2047 can be reached by ex- 
ecuting a program memory bank switch instruction 
(SEL PMBO, SEL PMB1) followed by a branch in- 
struction (JMP or CALL). The bank switch feature 
extends the range of branch instructions beyond 
their normal 2K range and at the same time prevents 
the user from inadvertently crossing the 2K boundary. 
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PROGRAM MEMORY BANK SWITCH 


The switching of 2K program memory banks is ac- 
complished by directly setting or resetting the most 
significant bit of the program counter (bit 11); see 
Figure 5. Bit 11 is not altered by normal increment- 
ing of the program counter, but is loaded with the 
contents of a special flip-flop each time a JMP or 
CALL instruction is executed. This special flip-flop is 
set by executing an SEL PMB1 instruction and reset 
by SEL PMBO. Therefore, the SEL PMB instruction 
may be executed at any time prior to the actual bank 
switch which occurs during the next branch instruc- 
tion encountered. Since all twelve bits of the pro- 
gram counter, including bit 11, are stored in the 
stack, when a Call is executed, the user may jump to 
subroutines across the 2K boundary and the proper 
PC will be restored upon return. However, the bank 
switch flip-flop will not be altered on return. 


ifrof [ef [fasts fas fo] [40] 
tS 


Conventional Program Counter 
¢Counts OOOH to 7FFH 
eOverflows 7FFH to OOOH 


JMP or CALL instructions transfer contents 


of internal flip-flop to A; , 
eFlip-flop set by SEL MB1 


eFlip-flop reset by SEL MBO 
or by RESET 


During interrupt service routine 
A,; is forced to "0" 
All 12 bits are saved in stack 
290414-30 


Figure 5. Program Counter 


INTERRUPT ROUTINES 


Interrupts always vector the program counter to lo- 
cation 3 or 7 in the first 2K bank, and bit 11 of the 
program counter is held at “0” during the interrupt 
service routine. The end of the service routine is sig- 
naled by the execution of an RETR instruction. Inter- 
rupt service routines should therefore be contained 
entirely in the lower 2K words of program memory. 
The execution of a SEL PMBO or SEL PMB1 instruc- 
tion within an interrupt routine is not recommended 
since it will not alter PC11 while in the routine, but 
will change the internal flip-flop. 


Automatic A20 Gate Support 


This feature has been provided to enhance the per- 
formance of the UPI-C42 when being used in a key- 
board controller application. The UPI-C42 design 
has included on chip logic to support a hardware 
GATEA20 feature. This feature is enabled by the 
A20EN instruction and remains enabled until the de- 
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vice is reset. It is important to note that the execu- 
tion of the A20EN instruction redefines Port 2, bit 1 
as a pure output pin with read only characteristics. 
The state of this pin can be modified only through a 
valid ‘D1’ command sequence (see Table 1). Once 
enabled, the A20 logic will process a ‘D1’ com- 
mand sequence (write to output port) by setting/re- 
setting the A20 bit on port 2, bit 1 (P2.1) without 
requiring service from the internal CPU. The host 
can directly control the status of the A20 bit. At no 
time during this host interface transaction will the 
IBF flag in the status register be activated. If the 
A20EN instruction is not issued, the UPI-C42 treats 
the “D1” command like any other command/data 
sequence. The on chip GATEA20 logic will ignore all 
GATEA20 command/data sequences. Table 1 gives 
several possible GATEA20 command/data se- 
quences and UPI-C42 responses. 


Table 1.D1 Command Sequences 


fno|A/w] 8 Pins|\GF]A20] Comments 


Dih n(1) | Set A20 Sequence 
DFh Only DB1 Is Processed 
FFH(2) 
Dth 
DDh 
FFh 


Dih 
Dih 
DFh 
FFh 
Dih 
XXh(3) 
DDh 


oO 
—_— 


Clear A20 Sequence 


Double Trigger Set 
Sequence 


Invalid Sequence 
No Change in State 
of A20 Bit 


Sss ses seezee 


1 
0 
1 
1 
0 
1 
1 
1 
0 
7 
1 
1 
0 


at CO OO Oo Oo. oC O:Oo ©: 
a atte) oe eS) oe) ae OL” 


. NOTES: 

1. Indicates that P2.1 remains at the previous logic level. 
2. Only FFh commands in a valid A20 sequence have no 
effect on IBF. An FFh issued at any other time will activate 
IBF. 

3. Any command except D1. 


The above sequences assume that the GATEA20 
logic has been enabled via the A20EN instruction. 
As noted, only the value on DB 1 (data bus, bit 1) is 
processed. This bit will be directly passed through to 
P2.1 (port 2, bit 1). The AZOEN mode can be used in 
conjunction with both powerdown modes. 
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POWERDOWN 


The UPI-C42 will support two new power down 
modes: Standby and Suspend. The Standby mode 
will allow the UPI-C42 to conserve power during pe- 
riods of inactivity. In the standby mode, the oscillator 
will remain running. The port pins will be frozen at 
their last state and the internal CPU operation will 
halt. This mode will reduce power to 6 mA. This 
mode will be exited by writing to the DBBIN (causing 
the IBF flag to be set), a change in the state of the 
TO/T1 input, if an ENTX instruction was executed 
prior to standby, or by RESET. If RESET is used to 
exit the standby mode CPU operation will begin from 
PC = O00h. This mode is entered by the execution 
of the STANDBY instruction. It should be noted that 
when the A2ZOEN mode is used in conjunction with 
the standby powerdown mode, an A20 sequence 
will not generate an IBF therefore the UPI-C42 will 
remain in the standby mode. 


The Suspend mode differs from standby in that the 
oscillator is not running and the internal CPU opera- 
tion is stopped. The suspend mode consumes 
40 pA. This mode can only be exited by a RESET. 
This mode is entered by the execution of the SUS- 
PEND instruction. Both powerdown modes are sum- 
marized on the following page. 


Standby Mode Summary 


e¢ Oscillator Running 

e CPU Operation Halted (No Internal Clocks) 
e Ports Frozen at Last State 

¢ Low Power Mode (Icc = 6 mA) 


e This mode is exited by: 
RESET 
IBF Interrupt 
T0/T1 Toggled (If Enabled) 


Suspend Mode Summary 


¢ Oscillator Not Running 

e CPU Operation Stopped 

e Ports Tristated with Weak (~ 2-10 pA) Pull-Up 
e Micropower Mode (Icc < 40 pA) 

e This mode is exited by RESET 
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Table 2 covers all pin states in both the standby and 
suspend modes. In addition to these two new power 
down modes, the UPI-C42 will also support the 


NMOS power down mode as outlined in Chapter 4 of 
the UPI-42AH users manual. 


Table 2. Power Down Mode Pin States 


| Pins | Standby | Suspend _ 


Ports 1 and 2 
Outputs 
Inputs 


Tristate 
Weak Pull-Up 
Disabled 


Normal Normal 
Normal Normal 
Enabled Disabled 


Enabled Enabled 


Crystal Osc. Enabled Disabled 
(XTAL1, XTAL2) 


Test 0, Test 1 Enabled Disabled 


Enabled, Disabled 
Weak Pull-Up | No Pull-Up 


EA 
SS # Enabled, Disabled, 
Weak Pull-Up | Weak Pull-Up 


NOTES: 

1. DBB outputs are Tristate unless CS#. and RD# are ac- 
tive. DBB inputs are disabled unless CS# and WR# are 
active. 

2. A “disabled” input will not cause current to be drawn 
regardless of input level (within the supply range). 

3. Weak pull-ups have current capability of typically 5 pA. - 


Normal 
Enabled 


DBB() 
Outputs 
Inputs 


System Control 
(RD#, WR#, 
CS #, AO) 


: PRELIMINARY 


UPI-C42/UPI-L42 


NEW UPI-C42 INSTRUCTIONS 


The UPI-C42 will support several new instructions to 
allow for the use of new C42 features. These in- 
structions are not necessary to the user who does 
not wish to take advantage of any new C42 function- 
ality. The C42 will be completely compatible with all 
current NMOS code/applications. In order to use 
new features, however, some code modifications will 
be necessary. All new instructions can easily be in- 
serted into existing code by use of the ASM-48 mac- 
ro facility as shown in the following example: 


Macname MACRO 


DB 65H 
ENDM 


New Instructions 


The following is a list of additions to the UPI-42 in- 
struction set. These instructions apply only to the 
UPI-C42. These instructions must be added to exist- 
ing code in order to use any new functionality. 

SEL PMBO Select Program Memory Bank 0 
OPCODE 0110 0011 (63h) 

PC Bit 11 is set to zero on next JMP or CALL instruc- 
tion. All references to program memory fall within 
the range of 0-2047 (0-—7FFh). 

SEL PMB1 Select Program Memory Bank 1 
OPCODE 0111 0011 (73h) 

PC Bit 11 is set to one on next JMP or CALL instruc- 
tion. All references to program memory fall within 
the range of 2048-4095 (800h-FFFh). 

ENA20 Enables Auto A20 hardware 

OPCODE 0011 0011 (33h) 


Enables on chip logic to support Auto A20 Gate fea- 
ture. Will remain enabled until device is reset. This 


4-119 


UPI-C42/UPI-L42 


Circuitry gives the host direct control of port 2 bit 1 
(P2.1) without intervention by the internal CPU. 
When this opcode is executed, P2.1 becomes a ded- 
icated output pin. The status of this pin is read-able 
but can only be altered through a valid “D1” com- 
mand sequence (see Table 1). 


ENTX Enable T0/T1 Wake Up Function 
OPCODE 1100 0011 (C3H) 


Enables on chip logic to allow the TO or T1 input pin 
to “wake” the UPI-C42 from the STANDBY power 
down mode. 


STANDBY Invoke Standby Power Down Mode 
OPCODE 0000 0001 (Olh) 


Enables deivce to enter low power (mA range) 
mode. In this mode the external oscillator is running, 
CPU operation is suspended and the port pins re- 
main frozen at their last state. This mode can be 
exited via a RESET, a change in state on the TO or 
T1 pin, or an IBF interrupt. 


SUSPEND Invoke Suspend Power Down Mode 


OPCODE 1000 0010 (82h) or 1110 0010 
(E2h) 


Enables device to enter micro power mode. In this 
mode the external oscillator is off, CPU operation is 
stopped, and the Port pins are tristated. This mode 
can only be exited via a RESET signal. 


PROGRAMMING AND VERIFYING THE 
UPI-C42 


The UPI-C42 programming will differ from the NUOS 
device in three ways. First, the C42 will have a 4K 
user programmable array. The UPI-C42 will also be 
programmed using the Intel Quick-Pulse Program- 
ming Algorithm. Finally, port 2 bit three (P2.3) will be 
used during program as the extra address pin re- 
quired to program the upper 2K bank of additional 
memory. None of these differences have any effect 
on the full CHMOS to NMOS device compatibility. 
The extra memory is fully transparent to the user 
who does not need, or want, to use the extra memo- 
ry space of the UPI-C42. 


In brief, the programming process consists of: acti- 
vating the program mode, applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com- 
pletely before moving on to the next and is followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 
functions: 
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XTAL 2 | Clock Input 
| Reset | Initialization and Address Latching 
Selection of Program or Verify Mode 


EA Activation of Program/Verify Signature 
Row/Security Bit Modes 
Address and Data Input 
Data Output yin a aa Verify 


Address nen pees See 


Fact Programming Power Supply 
PROG Program Pulse Input 


WARNING 

An attempt to program a missocketed UPI-C42 will result in 
severe damage to the part. An indication of a properly 
socketed part is the appearance of the SYNC clock output. 
The lack of this clock may be used to disable the program- 
mer. 


The Program/Verify sequence is: 
1. Insert 87C42 in programming socket 


2. CS = 5V, Vcc = 5V, Vpop = 5V, RESET = OV, 
Ao = OV, TEST 0 = SV, clock applied or inter- 
nal oscillator operating, BUS floating, PROG = 
5V. 


3. TEST 0 = OV (select program mode) 
4. EA = 12.75V (active program mode) 
5. Voc = 6.25V (programming supply) 

6. Vpop = 12.75V (programming power) 
7. Address applied to BUS and Pap_93 

8. RESET = 5V (latch address) 
9. Data applied to BUS 


10. PROG = 
OV 


11. TEST 0 = 5V (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = OV 

14. RESET = OV and repeat from step 6 


15. Programmer should be at conditions of step 1 
when the 87C42 is removed from socket 


5V followed by one 100 us pulse to 


Please follow the Quick-Pulse Programming flow 
chart for proper programming procedure shown in 
Figure 6. 
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INC. ADDR. 


ADDRESS? 


DEVICE 
FAILED 


Vee™¥pp*9¥ 


COMPARE ALL 
BYTES TO ORIGINAL 
DATA 


DEVICE 
PASSED 


Figure 6. Quick-Pulse Programming Algorithm 
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Quick-Pulse Programming Algorithm 


As previously stated, the UPI-C42 will be pro- 
grammed using the Quick-Pulse Programming Algo- 
rithm, developed by Intel to substantially reduce the 
thorughput time in production programming. 


The Quick-Pulse Programming Algorithm uses initial 
pulses of 100 us followed by a byte verification to 
determine when the address byte has been suc- 
cessfully programmed. Up to 25 100 us pulses per 
byte are provided before a failure is recognized. A 
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flow chart of the Quick-Pulse Programming Algo- 
rithm is shown in Figure 6. 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6.25V and 
Vpp = 12.75V. When programming has been com- 
pleted, all bytes should be compared to the original 
data with Voc = Vpp = 5V. 


A verify should be performed on the programmed 
bits to ensure that they have been correctly pro- 
grammed. The verify is performed with TO = SV, 
Vop = 5V, EA = 12.75V, SS# = 5V, PROG = SDV, 
AO = OV, and CS# = SBV. 


In addition to the Quick-Pulse Programming Algo- 
rithm, the UPI-C42 OPT is also compatible with In- 
tel’s Intgligent Programming Algorithm which is used 
to program the NMOS UPI-42AH OTP devices. 


The entire sequence of program pulses and byte 
verifications is performed at Voc = 6.25V and 
Vpp = 12.75V. When the intgligent Programming 
cycle has been completed, all bytes should be com- 
pared to the original data with Voc = 5.0, Vpp = 
5V. 


Verify 


A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
grammed. The verify is performed with TO = 5V, 
Vop.= 5V, EA_= 12.75V, SS = 5V, PROG =. 5V, 
AO = OV, and CS = SV. 


SECURITY BIT 


The security bit is a single EPROM cell outside the 
EPROM array. The user can program this bit with the 
appropriate access code and the normal program- 
ming procedure, to inhibit any external access to the 
EPROM contents. Thus the user’s resident program 
is protected. There is no direct external access to 
this bit: However, the security byte in the signature 
row has the same address and can be used to 
check indirectly whether the security bit has been 
programmed or not. The security bit has no effect on 
the signature mode, so the security byte can always 
be examined. 


SECURITY BIT PROGRAMMING/ 
VERIFICATION 


Programming 


a. Read the security byte of the signature mode. 
Make sure it is OOH. 
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b. Apply access code to appropriate inputs to put 
the device into security mode. 


c. Apply high voltage to EA and Vpp pins. 


d. Follow the programming procedure as per the 
Quick-Pulse Programming Algorithm with known 
data on the databus. Not only the security bit, but 
also the security byte of the signature row is pro- 
grammed. 


e. Verify that the security byte of the signature 
mode contains the same data as appeared on 
the data bus. (If DBO-DB7 = high, the security 
byte will contain FFH.) 


f. Read two consecutive known bytes from the 
EPROM array and verify that the wrong data are 
retrieved in at least one verification. If the 
EPROM can still be read, the security bit may 
have not been fully programmed though the se- 
curity byte in the signature mode has. 


Verification 


Since the security bit address overlaps the address 
of the security byte of the signature mode, it can be 
used to check indirectly whether the security bit has 
been programmed or not. Therefore, the security bit 
verification is a mere read operation of the security 
byte of the signature row (OFFH = security bit pro- 
grammed; 00H = security bit unprogrammed). Note 
that during the security bit programming, the reading 
of the security byte does not necessarily indicate 
that the security bit has been successfully pro- 
grammed. Thus, it is recommended that two consec- 
utive known bytes in the EPROM array be read and 
the wrong data should be read at least once, be- 
cause it is highly improbable that random data coin- 
cides with the correct ones twice. 


SIGNATURE MODE 


The UPI-C42 has an additional 64 bytes of EPROM 
available for Intel and user signatures and miscella- 
neous purposes. The 64 bytes are partitioned as fol- 
lows: 


A. Test code/checksum—This can accommodate 
up to 25 bytes of code for testing the internal 
nodes that are not testable by executing from the 
external memory. The test code/checksum is 
present on ROMs, and OTPs. 


B. Intel signature—tThis allows the programmer to 
read from the UPI-41AH/42AH/C42 the manu- 
facturer of the device and the exact product 
name. It facilitates automatic device identification 


4-122 


f : 

intel. 
and will be present in the ROM and OTP ver- 
sions. Location 10H contains the manufacturer 


code. For Intel, it is 89H. Location 11H contains 
the device code. 


The code is 43H and 42H for the 8042AH/80C42 
and OTP 8742AH/87C42, respectively. The 
code is 44H for any device with the security bit 
set by Intel. 


C. User signature—The user signature memory is 
implemented in the EPROM and consists of 2 
bytes for the customer to program his own signa- 
ture code (for identification purposes and quick 
sorting of previously programmed materials). 


D. Test signature—This memory is used to store 
testing information such as: test data, bin num- 
ber, etc. (for use in quality and manufacturing 
control). 


E. Security byte—This byte is used to check 
whether the security bit has been programmed 
(see the security bit section). 


F. UPI-C42 Intel Signature—Applies only to 
CHMOS device. Location 20H contains the man- 
ufacturer code and location 21H contains the de- 
vice code. The Intel UPI-C42 manufacturer’s 
code is 99H. The device ID’s are 82H for the 
OTP version and 83H for the ROM version. The 
device ID’s are the same for the UPI-L42. 


The signature mode can be accessed by setting 
P10 = 0,P11-P17 = 1, and then following the pro- 
gramming and/or verification procedures. The loca- 
tion of the various address partitions are as shown in 
Table 3. 


SYNC MODE 


The Sync Mode is provided to ease the design of 
multiple controller circuits by allowing the designer 
to force the device into known phase and state time. 
The Sync Mode may also be utilized by automatic 
test equipment (ATE) for quick, easy, and efficient 
synchronizing between the tester and the DUT (de- 
vice under test). 


Sync Mode is enabled when SS pin is raised to high 
voltage level of +12 volts. To begin synchroniza- 
tion, TO is raised to 5 volts at least four clock cycles 
after SS. TO must be high for at least four X2 clock 
cycles to fully reset the prescaler and time state 
generators. TO may then be brought down during 
low state of X2. Two clock cycles later, with the ris- 
ing edge of X2, the device enters into Time State 1, 
Phase 1. SS is then brought down to 5 volts 4 clocks 
later after TO. RESET is allowed to go high 5 tCY (75 
clocks) later for normal execution of code. 
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Table 3. Signature Mode Table | 
Device No. of 
SUES Ree a ee ee 


Test Code/Checksum 0 OFH ROM/OTP 
16 1EH 


[ntelSgnatwe——SSSCS~dSC‘it | OT | 
[veer Signature —SSC~“~*~‘~*~dCCt | 
[Testsinaure——SSSCS~S tg | ROT 
2 cee ae 

or ks 


Security Byte : 1FH 3FH ROM/OTP 
UPI-C42 Intel Signature OH 21H ROM/OTP 
User Defined UPI-C42OTPEPROM Space | 22H = 3EH | ROM/OTP 


ACCESS CODE 


The following table summarizes the access codes required to invoke the Sync Mode, Signature Mode, 
and the Security Bit, respectively. Also, the programming and verification modes are included for 


comparison. 

hod en 
[To |RSt|Ss|EA|PROG| Vo |Vec| 01 2 3 4 8 6 7 01234567 

pewranming [0 | 0 [1 [av] 1 \Voow|voo] Adress ater Jap as X XX XXX 

oun 1 [4 |v] st8 |vooH|Voo Sank “neers 1a RRR 


aaa 


A -K AM RA “heer phic tom al 


VppH! Vcc} Addr. (see Sig Mode Tabie) i i i i er ae 


Voor Yoo] Datain 
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on 
oe 
paar ne Sig Mode Tan) [00-0 
panon doo 
ae ae Te 
mek eee 
A eed Te 


an I dee 

oO 1 

Fee 
leis lale 
8 Os (@ 40 10 


NOTE: 
1.a = Oor1; a; = Oor 1. ad must = aj. 
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SYNC MODE TIMING DIAGRAMS 


XTAL 2 


PHASE 1 


PHASE 2 


TIME STATE 


12V 
Ss 5V 


RESET OV 


Minimum Specifications 
SYNC Operation Time, tsync = 3.5 XTAL 2 Clock cycles. Reset Time, tas = 4 tcy. 


NOTE: 
The rising and falling edges of TO should occur during low state of XTAL 2 clock. 


APPLICATIONS 


KEYBOARD/SYSTEM 
CONTROL/ INTERFACE 


uPI-c42 | SIGNALS 


ADDRESS 
BUS 


SERIAL DATA 
FROM KEYBOARD 
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TO 
PERIPHERAL 
DEVICES 
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Figure 8. 8088-UPI-C42 Interface 
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| To 
PERIPHERAL 
‘ | DEVICES 
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6243 KEYBOARD 
EXPANDER Pf: MATRIX 


PORT 2 PORT 1 
UPI-C42 
Des CONTROL 


id 
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Figure 10. UPI-C42-8243 Keyboard Scanner 


DOT MATRIX PRINTER 


FORM 
PRINT LF. HOLD SOLENOIDS 


MOTOR SOLENOID 
ORIVERS ORIVERS 


7OR9 


PRINT POSITION 
TOP OF FORM 
LINE FEED POSITION 


. PORT2 PORT 1/PORT 2 
UPI-C42 
Oss CONTROL 


mi 


Sak) 17 SRL ae AC OW LAE, 
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Figure 11. UPI-C42 80-Column Matrix Printer Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....0°C to + 70°C 


Storage Temperature .......... — 65°C to +. 150°C 
Voltage on Any Pin with 

Respect to Ground.............. —~O.5¥.to +7V 
POWGSE LSBIORUON ... NGG os eng e ¥ ot op 1.5W 


DC CHARACTERISTICS Ta, = 0°C to + 70°C, Voc = Vpp = +5V + 


‘ea L42 


ae: 


Input Low Voltage 


Input High Voltage 
(XTAL2, RESET) 


Output Low Voltage (Dp-D7) 


Output Low Voltage 
(P10P17, PaoP27, Sync) 
Output Low Voltage (PROG) 


Output High Voltage (Dp-D7)| 2.4 


Output High Voltage 2.4 
(All Other Outputs) 
ie Input Leakage Current 2 


(To, T;, RD, WR, CS, Ao, EA) 


Output Leakage Current 
(Do-—D7, High Z State) 


Low Input Load Current 


S| =| & = = 
ne ad - = 


“a 


(P49P47, PooP27) 


Low Input Load Current 
(RESET, SS) 
lHiI Port Sink Current 


(P49P47, PaoP27) 


Vpp Supply Current 


= 
— 
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nN Nh 
bh i 


Input High Voltage Voc 
(Except XTAL2, RESET) 


H+ + < 
xl mak O 
oO © '@) 


oO 


intel. 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


10%; +3.3V +10% UPI-L42 


V_ Ilo, = 2.0 mA UPI-C42 
lo, = 1.3 mA UPI-L42 
0.45 V_ Ilo. = 1.6 mA UPI-C42 
lo. = 1 mA UPI-L42 
V_ Ilo, = 1.0 mA UPI-C42 
lo. = 0.7 mA UPI-L42 
V_ |lon = —400 pA UPI-C42 
lon = —260 pA UPI-L42 
OH = —50 »A UPI-C42 
OH = —25 pA UPI-L42 


ph aa bartese ater 
all iait Vss + 0.45 < Vout < Voc 
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DC CHARACTERISTICS 
Ta = 0°C to + 70°C, Voc = Vpp = +5V +10%; +3.3V +10% UPI-L42 (Continued) 


Total Supply Current: 
Active Mode @ 12.5 MHz 30 20 mA _ | Typical 14 mA UPI-C42, 
9 mA UPI-L42 
Standby Mode @ 12.5 MHz 6 4 mA _ | Osc. Running Typical 
3 mA UPI-C42, 
2 mA UPI-L42 
Suspend Mode 40 26 pA | Osc. Off(1, 4) 


Ipp Standby | Power Down mA | NMOS Compatible 
Supply Current Power Down Mode 
(P49-P17, P2o—Po7) 

Cin Input Capacitance Rae AS SS Ta = 25°C (1) 


NOTE: 
1. Sampled, not 100% tested. 


DC CHARACTERISTICS—PROGRAMMING (UPI-C42 AND UPI-L42) 
Ta = 25°C +5°C, Voc = 6.25V +0.25V, Vpp = 12.75V +0.25V 


[symbot [Parameter | 
[Voon | Von Prowam Votage Hghtevei [125 


NOTES: 

1. Voltages over 13V applied to pin Vpp will permanently damage the device. 

2. VeaH must be applied to EA before Vppy and removed after Vpp-. 

3. Voc must be applied simultaneously or before Vpp and must be removed simultaneously or after Vpp. 
4. Sampled, not 100% tested. 
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AC CHARACTERISTICS 
Ta = 0°C to +70°C, Vgg = OV, Vec = Vpp = +5V +10%; +3.3V +10% for the UPI-L42 


NOTE: 
All AC Characteristics apply to both the UPI-C42 and UPI-L42 


DBB READ 


CS, Ap Setup to RD J 
CS, Ao Hold After RD T 


CS, Ap to Data Out Delay 
RD J to Data Out Delay 
RD T to Data Float Delay 


DBB WRITE 


Symbol [Parameter in 
[uw | OS. Anseuptownd [0 
[twa | CS. AoHoldaterwat [0 
[two | Data roanerwrt [0 
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AC CHARACTERISTICS 
Ta = 0°C to +70°C, Vsg = OV, Voc = Vpp = +5V +10%; +3.3V +10% for the UPI-L42 (Continued) 


CLOCK 


a eS 


NOTE: 
1. toy = 15/f(XTAL) 


AC CHARACTERISTICS DMA 


[symbol | Parametee «| wn | Max [Unt 
ee RE ES St 
ON TD RO 
[~tuoo | back to Detaverd «dt 

[toro | RDorwAtooRaGewea | —*i| 0) nat 


NOTE: 
1.C, = 150 pF. 


AC CHARACTERISTICS PORT 2 


_ Symbol | Parameter | ttcv®) | Min. | Max | Units 
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AC CHARACTERISTICS—PROGRAMMING (UPI-C42 AND UPI-L42) 
Ta = 26°C +5°C, Voc = 6.25V £0.25V, Vop_ = +5V £0.25V, VopH = 12.75V +0.25V 


(87C42/87L42 ONLY) 


eee ee 


| Symbol 
i 
i i 
Tew | tna Program Pulse Wet 
i 
i 
tcy 


Test 0 Setup Time for Program Mode 


eS ES 


. ' us 
RESET Pulse Width to Latch Address ° 
| tre | _ RESET Setup Time before EA T Jeter cs ae Sa A 


Test 0 Hold Time after Program Mode 
tcy 


NOTES: 
1. This variation is a function of the iteration counter value, X. 
2. If TEST 0 is high, topo can be triggered by RESET fT. 


AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4 
2.0 2.0 DEVICE 
UNDER 
pe TEST POINTS ae TEST 
0.8 08 
0.45 
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290414-17 
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DRIVING FROM AN EXTERNAL SOURCE 


290414-18 290414-19 


Rise and Fall Times Should Not 
Exceed 10 ns. Resistors to Voc 
are Needed to Ensure Viy = 3.5V 
if TTL Circuitry is Used. 


NOTE: 
See XTAL1 Configuration Table. 


LC OSCILLATOR MODE CRYSTAL OSCILLATOR MODE 


ct C NOMINAL ‘ 
45H 20pF 5.2 MHz f= 
120H 20pF 3.2 MHz 2mVLC 

_ C + 3Cpp 


C' > 
290414-21 
C1 5 pF (STRAY 5 pF) 
C2 (CRYSTAL + STRAY) 8 pF 
C3 20-30 pF INCLUDING STRAY 
Crystal Series Resistance Should 


be Less Than 309 at 12.5 MHz. 


Cpp = 5-10 pF 
Pin-to-Pin Capacitance 


290414-20 
Each C Should be Approximately 20 pF, including Stray Capacitance. 


XTAL1 Configuration Table 
XTAL1 Connection 


2) 10 KO. Resistor 3) Not Connected 
to Ground 


Not recommended for CHMOS Recommended configuration for Low power configuration 
designs. Causes approximately designs which will use both recommended for CHMOS only 


16 mA of additional current flow NMOS and CHMOS parts. This designs to provide lowest 
through the XTAL1 pin on UPI- configuration limits the additional | possible power consumption. 
C42 and approximately 11 mA of | current through the XTAL1 pinto | This configuration will not work 
additional current through XTAL1 | approximately 1 mA, while with the NMOS device. 
on the UPI-L42. maintaining compatibility with the 

NMOS device. 
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WAVEFORMS 


READ OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADORESS BUS) 


(READ CONTROL: 


ase (Eee DS 
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White OPERATION—DATA BUS BUFFER REGISTER 


(SYSTEM'S 
ADORESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE MAY CHANGE 
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CLOCK TIMING 


tPWL 
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WAVEFORMS (Continued) 


COMBINATION PROGRAM/VERIFY MODE 


END OF 
PROGRAM 9———>|« VERIFY ———+1- PROGRAM ->| pRoGRAM 


OR VERIFY 


Vequ( 12.75 V) 


Vin (5 VY) 
V, (0 V) 


Viy (5 V) 
Vii (OV) 
Vins (SV) 
Vis (OV) 


eer Sy (OY) 


Poo-P 
207P23 v, (OV) 


Vppy (12.75 V) 


v 
ey) We) 


Vin (5 V) 
Vi. (0 V) 
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NOTES: 

1. Ag must be held low (OV) during program/verify modes. 
2. For Vin, Vind, Vit, Vict, VobH, and VppL, please consult the D.C. Characteristics Table. 

3. When programming the 87C42, a 0.1 uF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which can damage the device. 


VERIFY MODE 


DBO-DB7 NEXT ADDRESS 


Pps nana OS Faas 


P20-P23 NEXT ADDRESS 
VIL 
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NOTES: 

1. PROG must float if EA is low. 

2. PROG must float or = 5V when EA is high. 

3. P49-P47 = 5V or must float. 

4. Pog—Po7 = 5V or must float. 

5. Ag must be held low during programming/verify modes. 
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WAVEFORMS (Continued) 


DMA 


DATA BUS 
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PORT 2 


SYNC 


EXPANDER 
PORT 


top ———|_ 'Po 
=-e 


OUTPUT PORT 29.3 DATA PORT CONTROL ‘ OUTPUT DATA ) 


EXPANDER 
PORT 


INPUT 
PCRT 29.3 DATA (| PORT CONTROL Res oata - 


e— |C P-—e | -—!pC—e 


wee tpp i a ee 
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PORT TIMING DURING EXTERNAL ACCESS (EA) 


p 
eis PORT : PORT Pc 
Pp DATA DATA 
20-22 
290414-29 


On the Rising Edge of SYNC and EA is Enabled, Port Data is Valid and can be Strobed. On the Trailing Edge of Sync 
the Program Counter Contents are Available. 
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Mnemonic 
ACCUMULATOR 


ADD A, Rr 
ADD A, @Rr 


Description 


Add register to A 

Add data memory 
toA 

Add immediate to A 

Add register to A 
with carry 

Add data memory 
to A with carry 

Add immediate 
to A with carry 

AND register to A 

AND data memory 
toA 

AND immediate to A 

OR register to A 

OR data memory 
toA 

OR immediate to A 

Exclusive OR regis- 
ter toA 

Exclusive OR data 
memory to A 

Exclusive OR imme- 
diate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal Adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through 
Carry 

Rotate A right 

Rotate A right 
through carry 


ADD A, #data 
ADDC A, Rr 


ADDC A, @Rr 
ADDC A, #data 


ANL A, Rr 
ANL, A @Rr 


ANL A, #data 
ORL A, Rr 
ORL, A, @Rr 


ORLA, #data 
XRL A, Rr 


XRL A, @Rr 
XRLA, #data 


INCA 
DEC A 
CLRA 
CPLA 
DAA 
SWAP A 
RLA 
RLCA 


RRA 
RRCA 


INPUT/OUTPUT 
IN A, Pp 

OUTL Pp, A 

ANL Pp, #data 


Input port to A 

Output A to port 

AND immediate to 
port 

OR immediate to 
port 

Input DBB to A, 
clear IBF 

Output A to DBB, 
set OBF 

A4—-A7 to Bits 4-7 of 
Status 

Input Expander 
port to A 

Output A to 
Expander port 


ORL Pp, #data 
IN A, DBB 
OUT DBB, A 
MOV STS, A 
MOVD A, Pp 


MOVD Pp, A 


ANLD Pp, A 


AND A to Expander 


Bytes Cycles 


Se a) 


Table 4. UPI Instruction Set 
Mnemonic 


DATA MOVES 
MOV A, Rr 
MOV A, @Rr 


MOV A, #data 
MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 

MOV @Rr, 
#data 

MOV A, PSW 

MOV PSW, A 

XCH A, Rr 

XCH A, @Rr 


XCHD A, @Rr 


MOVP A, @A 


MOVP3, A, @A 


MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNTI 


DIS TCNTI 


CONTROL 
*EN A20 
EN DMA 
EN | 

*EN Tx 

DIS | 

EN FLAGS 
*SEL PMBO 
*SEL PMB1 
SEL RBO 


SEL RB1 


UPI-C42/UPI-L42 


Description Bytes Cycles 


Move register to A 

Move data memory 
toA 

Move immediate to A 


- Move A to register 


Move A to data 
memory 
Move immediate to 
register 
Move immediate to 
data memory 
Move PSW toA 
Move A to PSW 
Exchange A and 
register 
Exchange A and 
data memory 
Exchange digit of A 
and register 
Move to A from 
current page 
Move to A from 
page 3 


TIMER/COUNTER 


Read Timer/Counter 

Load Timer/Counter 

Start Timer 

Start Counter 

Stop Timer/Counter 

Enable Timer/ 
Counter Interrupt 

Disable Timer/ 
Counter Interrupt 


Enable A20 Logic 

Enable DMA Hand- 
shake Lines 

Enable IBF Interrupt 

Enable T0/T1 Wake 
Up Function 


Diable IBF Inter- 
rupt 

Enable Master 
Interrupts 

Select Program 
memory bank 0 

Select Program 
memory bank 1 

Select register 
bank 0 

Select register 
bank 1 


* UPI-C42/UPI-L42 Only. 
port 


OR A to Expander 
port 


PRELIMINARY 


ORLD Pp, A 
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Table 4. UPI Instruction Set (Continued) 


Mnemonic Description Bytes Cycles 


CONTROL (Continued) 

*STANDBY _ Invoke Standby Power- 
down mode 

Invoke Suspend Power- 
down mode 

NOP No Operation 


REGISTERS 
INC Rr 
INC @Rr 


BRANCH 
JMP addr 
JMPP @A 
*SUSPEND 


JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 


Increment register 

Increment data 
memory 

DEC Rr Decrement register 


SUBROUTINE 

CALL addr Jump to subroutine 

RET Return 

RETR Return and restore 
status. 


Mnemonic 


DJNZ Rr, addr 


Description 


Jump unconditional 
Jump indirect 
Decrement register 
and jump 
Jump on Carry = 1 
Jump on Carry = 0 
Jump on A Zero 
Jump on A not Zero 
Jump on TO = 1 
Jump on TO = 0 
Jump on T1 = 1 
Jump on T1 = 0 
Jump on FO Flag = 1 
Jump on F1 Flag = 1 
Jump on Timer Flag 


intel. 


Bytes 


NONMNONMONNNNN N DY 


= 1, Clear Flag 

Jump on IBF Flag 
=0 

Jump on OBF Flag 
= 1 

Jump on Accumula- 
for Bit 


JNIBF addr 


is) 


Clear Carry 
Complement Carry 
Clear Flag 0 
Complement Flag 0 
Clear F1 Flag 
Complement F1 Flag 
*UPI-C42/UPI-L42 Only. 


|| JOBF addr 


ive) 


JBb addr 


REVISION SUMMARY 
The following has been changed since Revision 
-002: 


1. Added information on keyboard controller prod- 
uct family. 


2. Added |} specification for the UPI-L42. 


The following has been changed since Revision 
-001: 


1. Added UPI-L42 references and specification. 


4-136 


PRELIMINARY : 


Support Peripherals _ Ls 


‘ 


‘ é A . 2 - 
% , 
ahs | . ? sad ° 7 q . 
: - 
4 
. -.* } : - 
. Ce ‘ > “ 
ey 
—¥ a % ‘ 7 >. a - 
- i>... ss) “ 7 
, a 


> 
dl F 
‘ 
. 
® 
f 


ves ~hoeren 


4 ° 
- i : 
. 
i a 
- 
. 
a 
- ~ ial = 
r ~ - a 
+ » , r » a 
. o ad ie ¥ 
* 
. . 
* - - ‘ 
a . 
oo 
‘ ¢ 
‘ . 
‘ 
a, * 7 Ps 
- 
i - 
* ad s 
é 
os r - ~_ 
: 
- - . ‘ 
‘ 7 - 
- bs _ . 

a - * git ~ 2 

baa - hon 


as *, 


ta ideas 


~ 


any , UPI-452 


CHMOS PROGRAMMABLE I/O PROCESSOR 


83C452 - 8K < 8 Mask Programmable Internal ROM 


80C452 - External ROM/EPROM 
@ 83C452/80C452:3.5 to 14 MHz Clock m@ Two 16-Bit Timer/Counters 


cate m Boolean Processor 
we eae Compatible with the MCS-51 = Bit Addressable RAM 
m 128-Byte Bi-Directional FIFO Slave wear bbblicas Sources: 
interface @ Programmable Full Duplex Serial 


=@ Two DMA Channels Channet 


m 256 X 8-Bit Internal RAM m 64K Program Memory Space 


= 34 Additional Special Function 64K Data Memory Space 
Registers m@ 68-Pin PGA and PLCC 


(See Packaging Spec., Order: #231369) 


m@ 40 Programmable I/O Lines 


The Intel UPI-452 (Universal Peripheral Interface) is a 68 pin CHMOS Slave I/O Processor with a sophisticated 
bi-directional FIFO buffer interface on the slave bus and a two channel DMA processor on-chip. The UPI-452 
is the newest member of Intel’s UPI family of products. It is a general-purpose slave |/O Processor that allows 
the designer to grow a customized interface solution. 


The UPI-452 contains a complete 80C51 with twice the on-chip data and program memory. The sophisticated 
slave FIFO module acts as a buffer between the UPI-452 internal CPU and the external host CPU. To both the 
external host and the internal CPU, the FIFO module looks like a bi-directional bottomless buffer that can both 
read and write data. The FIFO manages the transfer of data independent of the UPI-452 core CPU and 
generates an interrupt or DMA request to either CPU, host or internal, as a FIFO service request. 


The FIFO consists of two channels:the Input FIFO and the Output FIFO. The division of the FIFO module 
array, 128 bytes, between Input channel and Output channel is programmable by the user. Each FIFO byte 
has an additional logical ninth bit to distinguish between a data byte and a Data Stream Command byte. 
Additionally, Immediate Commands allow direct, interrupt driven, bi-directional communication between the 
UPI-452 internal CPU and external host CPU, bypassing the FIFO. 


The on-chip DMA processor allows high speed data transfers from one writeable memory space to another. 
As many as 64K bytes can be transferred in a single DMA operation. Three distinct memory spaces may be 
used in DMA operations; Internal Data Memory, External Data Memory, and the Special Function Registers 
(including the FIFO IN, FIFO OUT, and Serial Channel Special Functions Registers). 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 

November 1990 
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8231A 
ARITHMETIC PROCESSING UNIT 
m Fixed Point Single and Double = Compatible with all Intel and most 
Precision (16/32 Bit) | other Microprocessor Families | 
mg Floating Point Single Precision (32 Bit) m= Direct Memory Access or Programmed 
@ Binary Data Formats 1/O Data Transfers 
m Add, Subtract, Multiply and Divide @ End of Execution Signal 
g Trignometric and Inverse Trigonometric ™ ee Purpose 8-Bit Data Bus 
Functions | sacle 
m Square Roots, Logarithms, m Standard 24 Pin Package 
Exponentiation m +12V and +5V Power Supplies 
mw Float to Fixed and Fixed to Float m Advanced N-Channel Silicon Gate 
Conversions HMOS Technology 


m Stack Oriented Operand Storage 


The Intel 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high per- 
formance fixed and floating point arithmetic and floating point trigonometric operations. It may be used to 
enhance the mathematical capability of a wide variety of processor-oriented systems. Chebyshev polynomials 
are used in the implementation of the APU algorithms. 


All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional 
data bus. Operands are pushed onto an internal stack and commands are issued to perform Pere on the 
data and the stack. Results are then available to be retrieved from the stack. 


Transfers to and from the APU may be handled by the associated processor using conventional programmed 
|/O, or may be handled by a direct memory access controller for improved performance. Upon completion of 
each command, the APU issues an end of execution signal that may be used as an interrupt by the CPU to 


help coordinate program execution. 
OPERAND 
STACK 


aS ig) 


WORKING 


REGISTERS 


a 
COMMAND 
REGISTER 


STATUS 
REGISTER CONTROL 


INTERFACE 231305-2 
na Bi Figure 2. Pin Configuration 


ALGORITHM 
CONTROLLER 


231305-1 
Figure 1. Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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8237A 
HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 
(8237A-5) 

m Enable/Disable Control of Individual sam Directly Expandable to Any Number of 

DMA Requests Channels 
@ Four Independent DMA Channels @ End of Process Input for Terminating 
m Independent Autoinitialization of All Prangrers 

Channels m Software DMA Requests 
m Memory-to-Memory Transfers @ Independent Polarity Control for DREQ 
m Memory Block Initialization and DACK Signals 
m Address Increment or Decrement @ Available in EXPRESS 

— Standard Temperature Range 

m@ High Performance: Transfers up to 


Available in 40-Lead Cerdip and Plastic 
Packages 
(See Packaging Spec, Order #231369) 


1.6M Bytes/Second with 5 MHz 8237A-5 


The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc- 
essor systems. It is designed to improve system performance by allowing external devices to directly transfer 
information from the system memory. Memory-to-memory transfer capability is also provided. The 8237A 
offers a wide variety of programmable control features to enhance data throughput and system optimization 
and to allow dynamic reconfiguration under program control. 


The 8237A is designed to be used in conjunction with an external 8-bit address latch. It contains four indepen- 
dent channels and may be expanded to any number of channels by cascading additional controller chips. The 
three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can 
be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). Each 
channel has a full 64K address and word count capability. 
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at eee | Figure 2. Pin 
Configuration 


231466-1 
Figure 1. Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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intel. 


82C37A-5 
CHMOS HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 

= Pin Compatible with NMOS 8237A-5 @ Address increment or Decrement 
m Enable/Disable Control of Individual @ High performance: 5 MHz Speed 

DMA Requests Transfers up to 1.6 MBytes/Second 
m Fully Static Design with Frequency @ Directly Expandable to any Number of 

Range from DC to 5 MHz Channels 
m Low Power Operation @ End of Process Input for Terminating 

Transfers 


m Four Independent DMA Channels 


m Independent Autoinitialization of all m Software DMA Requests 
Channels = Independent Polarity Control for DREQ 


m Memory-to-Memory Transfers and DACK Signals 
= Memory Block Initialization @ Available in 40-Lead Plastic DIP 


The Intel 82C37A-5 Multimode Direct Memory Access (DMA) Controller is a CHMOS peripheral interface 
circuit for microprocessor systems. It is designed to improve system performance by allowing external devices 
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid- 
ed. The 82C37A-5 offers a wide variety of programmable control features to enhance data throughput and 
system optimization and to allow dynamic reconfiguration under program control. 


The 82C37A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four 
independent channels and may be expanded to any number of channels by cascading additional controller 
chips. 


The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel 
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 


Each channel has a full 64K address and word count capability. 
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Figure 1. Block Diagram 


231202-1 


September 1988 
5-4 Order Number: 231202-005 


in we 82C37A-5 


82C37A-5 
10 31 


Vee( + 5V) 
DBO 
081 
DB2 
DB3 
0B4 
DACKO 
DACK1 
DB5 
DB6 
(GND) Vss [_j 20 087 


231202-2 


Figure 2. 82C37A-5 
40-Lead DIP Configuration 
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Table 1. Pin Description 


Name and Function 
OWER: +5 volt supply. 
GROUND: Ground. 


CLOCK INPUT: Clock Input controls the internal operations of the 
82C37A-5 and its rate of data transfers. The input may be driven at 
up to 5 MHz for the 82C37A-5. 


CHIP SELECT: Chip Select is an active low input used to select the 
82C37A-5 as an I/O device during the Idle cycle. This allows CPU 
communication on the data bus. 


RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/last 
flip-flop and sets the Mask register. Following a Reset the device is 
in the Idle cycle. 


READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37A-5 to accommodate slow memories or 
|/O peripheral devices. Ready must not make transitions during its 
specified setup/hold time. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 


DREQO-DREQ3 DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest priority 
and DREQ3 has the lowest priority. A request is generated by 
activating the DREQ line of a channel. DACK will acknowledge the 
recognition of DREQ signal. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. DREQ must be 
maintained until the corresponding DACK goes active. 


DBO-DB7 DATA BUS: The Data Bus lines are bidirectional three-state signals 
connected to the system data bus. The outputs are enabled in the 
Program condition during the I/O Read to output the contents of an 
Address register, a Status register, the Temporary register or a 
Word Count register to the CPU. The outputs are disabled and the 
inputs are read during an I/O Write cycle when the CPU is 
programming the 82C37A-5 control registers. During DMA cycles 
the most significant 8 bits of the address are output onto the data 
bus to be strobed into an external latch by ADSTB. In memory-to- 
memory operations, data from the memory comes into the 
82C37A-5 on the data bus during the read-from-memory transfer. In 
the write-to-memory transfer, the data bus outputs place the data 
into the new memory location. 


1/O READ: !|/O Read is a bidirectional active low three-state line. In 
the Idle cycle, it is an input control signal used by the CPU to read 
the control registers. In the Active cycle, it is an output control signal 
used by the 82C37A-5 to access data from a peripheral during a 
DMA Write transfer. 


1/O WRITE: I/O Write is a bidirectional active low three-state line. In 
the Idle cycle, it is an input control signal used by the CPU to load 
information into the 82C37A-5. In the Active cycle, it is an output 
control signal used by the 82C37A-5 to load data to the peripheral 
during a DMA Read transfer. 
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Table 1. Pin Description (Continued) 


|_ Symbol | Type Name and Function 

EOP 1/0 END OF PROCESS: End of Process is an active low bidirectional 
external signal to terminate an active DMA service. This is 
count (TC) for any channel is reached. This generates an EOP 
service, reset the request, and, if Autoinitialize is enabled, to write 
channel by EOP unless the channel is programmed for 
channel 1 occurs. EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous end of process inputs. 
outputs and provide 4 bits of address. These lines are enabled only 
HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control of the system bus. If the corresponding mask bit 
is clear, the presence of any valid DREQ causes 82C37A-5 to issue 
the HRQ. After HRQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 
sense of these lines is programmable. Reset initializes them to 

ADSTB ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 
output used to write data to the selected memory location during a 


signal. Information concerning the completion of DMA services is 
accomplished by pulling the EOP input low with an external EOP 
signal which is output through the EOP Line. The reception of EOP, 
the base registers to the current registers of that channel. The mask 
Autoinitialize. In that case, the mask bit remains unchanged. During 
A0-A3 I/O ADDRESS: The four least significant address lines are bidirectional 
three-state signals. In the Idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 
during the DMA service. 
DACKO-DACK3 DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the 
active low. 
MEMORY READ: The Memory Read signal is an active low three- 
state output used to access data from the selected memory location 
during a DMA Read or a memory-to-memory transfer. 
DMA Write or a memory-to-memory transfer. 


available at the bidirectional EOP pin. The 82C37A-5 allows an 
signal. The 82C37A-5 also generates a pulse when the terminal 
either internal or external, will cause the 82C37A-5 to terminate the 
bit and TC bit in the status word will be set for the currently active 
memory-to-memory transfers, EOP will be output when the TC for 
A4-A7 cor ADDRESS: The four most significant address lines are three-state 
individual peripherals when one has been granted a DMA cycle. The 
AEN ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 
MEMORY WRITE: The Memory Write is an active low three-state 


PIN5: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish a logic HIGH when the pin is left 
floating. It is recommended, however, that PIN5 be connected to 
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FUNCTIONAL DESCRIPTION 


The 82C37A-5 block diagram includes the major log- 
ic blocks and all of the internal registers. The data 
interconnection paths are also shown. Not shown 
are the various control signals between the blocks. 
The 82C37A-5 contains 344 bits of internal memory 
in the form of registers. Figure 3 lists these registers 
by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 


Base Address Registers 16 bits 
Base Word Count Registers 16 bits 
Current Address Registers 16 bits 
Current Word Count Registers 16 bits 
Temporary Address Register 16 bits 
Temporary Word Count Register 16 bits 
Status Register 8 bits 
Command Register 8 bits 
Temporary Register 8 bits 
_ Mode Registers 6 bits 
Mask Register 4 bits 
Request Register 4 bits 


Figure 3. 82C37A-5 Internal Registers 
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The 82C37A-5 contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 82C37A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37A-5 by the mi- 
croprocessor prior to servicing a DMA Request. It 
also decodes the Mode Control word used to select 
the type of DMA during the servicing. The Priority 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 


DMA Operation 


The 82C37A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. 
The 82C37A-5 can assume seven separate states, 
each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the 
82C37A-5 has no valid DMA requests pending. 
While in S1, the DMA controller is inactive but may 
be in the Program Condition, being programmed by 
the processor. State 0 (SO) is the first state of a 
DMA service. The 82C37A-5 has requested a hold 
but the processor has not yet returned an acknowl- 
edge. The 82C37A-5 may still be programmed until it 
receives HLDA from the CPU. An acknowledge from 
the CPU will signal that DMA transfers may begin. 
S1, S2, S3 and S4 are the working states of the 
DMA service. If more time is needed to complete a 
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transfer than is available with normal timing, wait 
states (SW) can be inserted between S2 or S3 and 
S4 by the use of the Ready line on the 82C37A-5. 
Note that the data is transferred directly from the 
1/0 device to memory (or vice versa) with IOR and 
MEMW (or MEMR and IOW) being active at the 
same time. The data is not read into or driven out of 
the 82C37A-5 in |/O-to-memory or memory-to-l/O 
DMA transfers. 


Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read- 
from-memory half and the last four states (S21, S22, 
$23, S24) for the write-to-memory half of the transfer. 


IDLE CYCLE 


When no channel is requesting service, the 
82C37A-5 will enter the Idle cycle and perform “S1” 
states. In this cycle the 82C37A-5 will sample the 
DREQ lines every clock cycle to determine if any 
channel is requesting a DMA service. The device will 
also sample CS, looking for an attempt by the micro- 
processor to write or read the internal registers of 
the 82C37A-5. When CS is low and HLDA is low, the 
82C37A-5 enters the Program Condition. The CPU 
can now establish, change or inspect the internal 
definition of the part by reading from or writing to the 
internal registers. Address lines AO-—A3 are inputs to 
the device and select which registers will be read or 
written. The I|OR and IOW lines are used to select 
and time reads or writes. Due to the number and size 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16- 
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset. A separate soft- 
ware command can also reset this flip-flop. 


Special software commands can be executed by the 
82C37A-5 in the Program Condition. These com- 
mands are decoded as sets of addresses with the 
CS and IOW. The commands do not make use of 
the data bus. Instructions include Clear First/Last 
Flip-Flop and Master Clear. 


ACTIVE CYCLE 


When the 82C37A-5 is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
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will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 


Single Transfer Mode — In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count “rolls over” from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto- 
initialize if the channel has been programmed to do 
So. 


DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed, in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 82C37A-5 and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 


Block Transfer Mode — In Block Transfer mode 
the device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 


Demand Transfer Mode — In Demand Transfer 
mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the 1/O device has exhausted its data 
capacity. After the |/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37A-5 Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. 


Cascade Mode — This mode is used to cascade 
more than one 82C37A-5 together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 82C37A-5 are connected to the DREQ and 
DACK signals of a channel of the initial 82C37A-5. 
This allows the DMA requests of the additional de- 
vice to propagate through the priority network cir- 
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan- 
nel of the initial 82C37A-5 is used only for prioritizing 
the additional device, it does not output any address 
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or control signals of its own. These could conflict 
with the outputs of the active channel in the added 
device. The 82C37A-5 will respond to DREQ and 
DACK but all other outputs except HRQ will be dis- 
abled. The ready input is ignored. 


Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA _ system. More 
82C37A-5s could be added at the second level by 
using the remaining channels of the first level. Addi- 
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 


2ND LEVEL 


82C37A-5 
MICROPROCESSOR 1ST LEVEL 


HRQ DREQ 
‘HLDA DACK 


82C37A-5 


DREQ 
DACK HLDA 


INITIAL DEVICE 
82C37A-5 


ADDITIONAL 
DEVICES 
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Figure 4. Cascaded 82C37A-5s 


TRANSFER TYPES 


Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from and 
I/O device to the memory by activating MEMW and 
IOR. Read transfers move data from memory to an 
1/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 82C37A-5 oper- 
ates as in Read or Write transfers generating ad- 
dresses, and responding to EOP, etc. However, the 
memory and |/O control lines all remain inactive. 
The ready input is ignored in verify mode. 


Memory-to-Memory — To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
82C37A-5 includes a memory-to-memory transfer 
feature. Programming a bit in the Command register 
selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel 0. The 
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82C37A-5 requests a DMA service in the normal 
manner. After HLDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel 1 goes to FFFFH, a TC is 
generated causing an EOP output terminating the 
service. 


Channel 0 may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 


The 82C37A-5 will respond to external EOP signals 
during memory-to-memory transfers. Data compara- 
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-to-memory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 


Autoinitialize — By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be programmed identically. If in- 
terrupted externally, EOP pulses should be applied 
in both bus cycles. 


Priority — The 82C37A-5 has two types of priority 
encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, 0. 
After the recognition of any one channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 


The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 
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2 <@— service 3 <@— service 
3 <g@— request NY 


With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 


Compressed Timing — In order to achieve even 
greater throughput where system characteristics 
permit, the 82C37A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state S4 to perform the read/write. 
S1 states will still occur when A8-—A15 need updat- 
ing (see Address Generation). Timing for com- 
pressed transfers is found in Figure 14. 


Address Generation — In order to reduce pin 
count, the 82C37A-5 multiplexes the eight higher or- 
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the 
latch. Address Enable (AEN) is used to enable the 
bits onto the address bus through a three-state en- 
able. The lower order address bits are output by the 
82C37A-5 directly. Lines AO—A7 should be connect- 
ed to the address bus. Figure 11 shows the time 
relationships between CLK, AEN, ADSTB, DBO- 
DB7 and AO-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses..To save time and speed 
transfers, the 82C37A-5 executes S1 states only 
when updating of A8—A15 in the latch is necessary. 
This means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 


REGISTER DESCRIPTION 


Current Address Register — Each channel has a 
16-bit Current Address register. This register holds 


3 
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the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 


back to its original value. Autoinitialize takes place 
only after an EOP. 


Current Word Register — Each channel has a 16- 
bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (i.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its original value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 


Base Address and Base Word Count Registers 
— Each channel has a pair of Base Address and 
Base Word Count registers. These 16-bit registers 
store the original value of their associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val- 
ues. The base registers are written simultaneously 
with their corresponding current register in 8-bit 
bytes in the Program Condition by the microproces- 
sor. These registers cannot be read by the micro- 
processor. 


Command Register — This 8-bit register controls 
the operation of the 82C37A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 


Mode Register — Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 


Request Register — The 82C37A-5 can respond to 
requests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 


oritization by the Priority Encoder network. Each 
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register bit is set or reset separately under software 


control or is cleared upon generation of a TC or ex- 


ternal EOP. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 


Command Register 
7 6 5 4 3 2 1 O <¢——Bit Number 


Memory-to-memory disable 
Memory-to-memory enable 


Channel 0 address hold disable 
Channel 0 address hold enable 
lf bit O=0 


Controller enable 
Controller disable 


Normal timing 
Compressed timing 
If bitO=1 


Fixed priority 
Rotating priority 


Late write selection 
Extended write selection 
lf bit3=1 


DREQ sense active high 
DREQ sense active low 


DACK sense active low 
DACK sense active high 


Mode Register 
7 65 43 2 1 #O <¢— Bit Number 


00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 


Verify transfer 
Write transfer 
Read transfer 


illegal 
If bits 6 and 7=11 


Autoinitialization disable 
Autoinitialization enable 


Address increment select 
Address decrement select 


Demand mode select 

Single mode select 

Block mode select 

Cascade mode select 
Request Register 


7 6 5 43 2 1 0 <«—Bit Number 


remem, armamaae” 00 Select channel 0 
Don't Care 01 Select channel 1 

{ 10 Select channel 2 

' 11 Select channel 3 


0 Reset request bit 
1 Set request bit 
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dress coding. In order to make a software request, 
the channel must be in Block Mode. 


Mask Register — Each channel has associated 
with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is set when its asso- 
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4- 
bit Mask register may also be set or cleared sepa- 
rately under software control. The entire register is 
also set by a Reset. This disables all DMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad- 
dressing. 


0 <t——- Bit Number 


rie £464..3.. 8. 3 


Don’t Care | : 


Select channel 0 mask bit 
Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 


Clear mask bit 
Set mask bit 
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All four bits of the Mask register may also be written 
with a single command. 


7 6 5 4 3 2 1 =O <¢— Bit Number 


SEE ee 
Don’t Care 


Clear channel 0 mask bit 
Set channel 0 mask bit 


Clear channel 1 mask bit 
Set channel 1 mask bit 


Clear channel 2 mask bit 
Set channel 2 mask bit 


Clear channel 3 mask bit 
Set channel 3 mask bit 
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Register 


low CS TOR TOW A3 A2 A1 AO A2 Ai AO 


Command | Write 
Write 


Write 
Set/Reset 
Write 
Temporary | Read 
Read 


Figure 5. Definition of Register Codes 
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Status Register — The Status register is available 
to be read out of the 82C37A-5 by the microproces- 
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending DMA requests. Bits 0-3 are 
set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 


7 65 43 2 1 O <¢—— Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 
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Temporary Register — The Temporary register is 
used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 


Software Commands — These are additional spe- 
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 


Clear First/Last Flip-Flop: This command is exe- 
cuted prior to writing or reading new address or 
word count information to the 82C37A-5. This ini- 
tializes the flip-flop to a known state so that subse- 
quent accesses to register contents by the micro- 
processor will address upper and lower bytes in 
the correct sequence. 


Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37A-5 will enter the 
Idle cycle. 


Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 


me c ry “9 ax a fe 


j ntel 3 e r | 82C37A-5 


Figure 6 lists the address codes for the software PROGRAMMING 
commands: 


The 82C37A-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLDA are 
mutually exclusive. Note that a problem can occur if 
a DMA request occurs, on an unmasked channel 
while the 82C37A-5 is being programmed. For in- 
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan- 
nel 1 receives a DMA request. If the 82C37A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked, a DMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 


Le 
ER RR Evils eM 
TOLUENE Ae ei ee 
ttt} ttt] + | 0 | Write AllMask Register Bits 


Figure 6. Software Command Codes 


Register Operation |— na internal Flip-Flop} Data Bus DB0-DB7 
CS IOR IOW A3 A2 Ai AO 


Base and Current Address 


Current Address 
Base and Current Word Count 


Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word Count 


Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word Count 


Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word Count 


Current Word Count 


Soucogaale'ounc'ou rlooa 4 oo 468 /(6omiA Ga a = cS} 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Figure 7. Word Count and Address Register Command Codes 
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After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 


APPLICATION INFORMATION 


Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37A-5 controller and an 
8080A/8085AH microprocessor system. The multi- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 
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from a peripheral device. When the processor re- 
plies with a HLDA signal, the 82C37A-5 takes con- 
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes — the least significant 8 bits 
on the eight address outputs and the most signifi- 
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37A-5 is used. 


ADDRESS BUS A0-A15 


AB-A15 


8-BIT LATCH 


tS ~ ~=ADSTB 


DBO- 
DB7 


CONTROL 
BUS 


SYSTEM DATA BUS 
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Figure 8. 82C37A-5 System Interface 
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ABSOLUTE MAXIMUM RATINGS* 


lati ibs kek =r augmeees meena a4 see ~— *WARNING: Stressing the device beyond the “Absolute 
Case Temperature ................. 0°C to + 75°C Maximum Ratings” may cause permanent damage. 
Storage Temperature .......... —55°C to + 150°C These are stress ratings only. Operation beyond the 


“Operating Conditions” is not recommended and ex- 


Voltage on Any Pin with jended ex 4 ; bi init’ 
7 posure beyond the “Operating Conditions 
Respect to Ground fie e Ce REO Oe Tw BZ —0.5V to + 7V may affect device reliability. 


POW DISSINGUON +10 dees veer eres scerewes 1.0 Watt 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Toase = O°C to 75°C, Voc = +5.0V +5%, GND = OV 


[symbol | Parameter | win | Typ | Max | Unit | Test Conditions 
[Von | Ouputrignvorage [a7 | [| v [t=-10ma 
Tvni | input GH Votage | 22 


Standby Supply Current 


Output Capacitance re 
Input Capacitance i 
I/O Capacitance es 


LDA = OV, Vi, = OV, 


H 
ViH = Voc 


' 
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A.C. CHARACTERISTICS—DMA (MASTER) MODE 
Ta = 0°C to 70°C, Toase = 0°C to 75°C, Voc = +5V +5%, GND = OV 


130 


adh 
NO 


170 


TCL iti 


TDCTR READ HIGH from CLK HIGH 190 
(S4) Delay Time (Note 2) 

TDCTW WRITE HIGH from CLK HIGH 
(S4) Delay Time (Note 2) 

TDQ1 HRQ Valid from CLK HIGH Delay Time 

TEPS EOP LOW from CLK LOW Setup Time 


TEPW EOP Pulse Width 


5 


170 


TFAC READ or WRITE Active from CLK HIGH 


B ADR Float to Active Delay from CLK HIGH 


0 
TFADB DB Float to Active Delay from CLK HIGH 
THS HLDA Valid to CLK HIGH Setup Time 75 
70 
H 


7 


Q 
As 
1STt 


-16 


Clock LOW Time (Transitions < 10 ns) Cee 


0 
5 


S) 


T 
T 
T 


on 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE 

Ta = 0°C to 70°C, Tcase = O°C to 75°C, Voc = +5V +5%, GND = OV 


es es ee 
[Tan | ADA Vaid orOS LOW woREADLOW—~SC*dtSCisO 
em 
[Tow | CSLOW to WRITE HIGH Soup Time ——~Y 160 
[Tow | ata va 7 

a, 


[ADR or CS Hold fom READHGH SiC 
[TADE | Data Access tomAEABLOW 
[TRoF | D8 Floet Delay romREADHIGH ——~SC«dYSC 
[TrstO | Power Supply HIGH io RESET LOW Setup Time | 600 


ak 
aA 


TRSTW RESET Pulse Width ee ee 
FER wat ee 
ADR from WRITE HIGH Hold Time Pe ae 


: 


~J 
S10 


NOTES: 

1. Input frequency 5 MHz, when RESET, Vin = OV/Vcc, OC, = 0 pF. 

2. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The 
net IOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 

3. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode for DREQ and 
active low for DACK. 

4. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vcc. 


A.C. TESTING INPUT/OUTPUT WAVEFORM 


2.4 


1.5 <— TESTPOINTS — 1.5 
0.45 


231202-11 
A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0.” All timing measurements are made at 1.5V. 
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WAVEFORMS 


SLAVE MODE WRITE TIMING 


TWWS prvreeh sah Palmar 


_S 
WN —_—_—_—_—_—X—s—V——“—oOo"> 


INPUT VALID B 


—_—_—_—__———— Tow —_—_————— > 


DB0-DB7 ‘ INPUT VALID 


Figure 9. Slave Mode Write 
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SLAVE MODE READ TIMING 


ADDRESS MUST BE VALID y 


DATA OUT VALID b 
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Figure 10. Slave Mode Read 
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WAVEFORMS (Continued) 


DMA TRANSFER TIMING 


asbaiibehak otal 
ah Bale: siege 


, SS es 


TAK 


ANNAANNNUNN A //////1/111, 


231202-14 


Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 


MEMORY-TO-MEMORY TRANSFER TIMING 


| 


S a. ADDRESS VALID 


0B0-D87 


OGTR = 
TIOH --> 


si NN 7/1), NNN Ns 
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Figure 12. Memory-to-Memory Transfer 


READY TIMING 


EXTENDED fo 


WRITE 
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Figure 13. Ready 
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WAVEFORMS (Continued) 


COMPRESSED TRANSFER TIMING 


231202-17 


RESET TIMING 


1OR OR IOW 
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Figure 15. Reset 


1. The “PRELIMINARY” markings have been re- 
DATA SHEET REVISION REVIEW moved from the data sheet. The 82C37A-5 is no 
The following list represents key differences be- longer a preliminary part. 
tween this and the -004 data sheet. Please review _— 2. A section of the Functional Description describing 
this summary carefully. 82C37A-5 operation with the 8085 CPU has been 
. deleted. 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 


m@ MCS-85 Compatible 8253-5 g Count Binary or BCD 

m 3 Independent 16-Bit Counters m@ Single + 5V Supply 

m DC to 2.6 MHz g Available in EXPRESS | 
m Programmable Counter Modes — Standard Temperature Range 


— Extended Temperature Range 


The Intel 8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripheral. 
It uses NMOS technology with a single + 5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2.6 MHz. All modes of 
operation are software programmable. 


CLK O 


DATA 
BUS 
BUFFER 


COUNTER 


on GATE 0 


7-0 


OUT 0 


1 
CLK 1 e 
3 
GATE 1 4 
OUT 1 5 
6 
7 
8 
9 
CLK 2 
CONTROL 
COUNTER 
WORD oe GATE 2 
REGISTER 
OUT 2 231306-2 
Figure 2. Pin Configuration 
INTERNAL BUS ie 
231306-1 


Figure 1. Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


November 1986 
5-22 Order Number: 231306-001 
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8254 | 
PROGRAMMABLE INTERVAL TIMER 


m= Compatible with All Intel and Most 
Other Microprocessors 


@ Handles Inputs from DC to 10 MHz 
— 8 MHz 8254 
— 10 MHz 8254-2 


m@ Status Read-Back Command 


Six Programmable Counter Modes 
Three Independent 16-Bit Counters 
Binary or BCD Counting 

Single +5V Supply 


Available in EXPRESS 
— Standard Temperature Range 


The Intel 8254 is a counter/timer device designed to solve the common timing control problems in microcom- 
puter system design. It provides three independent 16-bit counters, each capable of handling clock inputs up 
to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253. 


The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package. 


CLK 0 


oy Kae 


OUT O 


CLK 1 


ea COUNTER sels 
, OUT 1 


-_ og ee < GATE 2 


INTERNAL BUS 


231164-2 
Figure 2. Pin Configuration 


CONTROL 
WORD 
REGISTER 


231164-1 
Figure 1. 8254 Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


September 1993 
Order Number: 231164-005 5-23 
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82C54 
CHMOS PROGRAMMABLE INTERVAL TIMER 


= Compatible with all Intel and most = Three independent 16-bit counters 
other microprocessors = Low Power CHMOS 

m High Speed, “Zero Wait State” —Icc = 10 mA @ 8 MHz Count 
Operation with 8 MHz 8086/88 and frequency : 
80186/188 Completely TTL Compatible 


m@ Handles Inputs from DC 


— 10 MHz for 82C54-2 Six Programmable Counter Modes 


m Available in EXPRESS Binary or BCD counting 
— Standard Temperature Range Status Read Back Command 


— Extended Temperature Range m@ Available in 24-Pin DIP and 28-Pin PLCC 


The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is 
designed to solve the timing control problems common in microcomputer system design. It provides three 
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software 
programmable. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253. 


Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator, 
programmable one-shot, and in many other applications. 


The 82C54 is fabricated on Intel’s advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP 
and 28-pin plastic leaded chip carrier (PLCC) packages. 
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Table 1. Pin Description : 


D7-Do 1-8 I/O Data: Bidirectional tri-state data bus lines 
connected to system data bus 


Clock 0: Clock input of Counter 0 


Clock 2: Clock input of Counter 2. 


Address: Used to select one of the three Counters 
or the Control Word Register for read or write 
operations. Normally connected to the system 
address bus. 


Output 0: Output of Counter 0. 
Gate 0: Gate input of Counter 0. 


Counter 0 

Counter 1 

Counter 2 

Control Word Register 
Chip Select: A low on this input enables the 82C54 
to respond to RD and WR signals. RD and WR are 
ignored otherwise. 


Read Control: This input is low during CPU read 
operations. 
Write Control: This input is low during CPU write 
operations. 


Power: + 5V power supply connection. 


No Connect 


FUNCTIONAL DESCRIPTION sired delay. After the desired delay, the 82C54 will 


interrupt the CPU. Software overhead is minimal and 
variable length delays can easily be accommodated. 


agenernl Some of the other counter/timer functions common 
The 82C54 is a programmable interval timer/counter | to microcomputers which can be implemented with 
designed for use with Intel microcomputer systems. the 82C54 are: 

It is a general purpose, multi-timing element that can 
be treated as an array of I/O ports in the system 
software. 


Real time clock 

Even counter 

Digital one-shot 
Programmable rate generator 
Square wave generator 
Binary rate multiplier 
Complex waveform generator 
Complex motor controller 


The 82C54 solves one of the most common prob- 
lems in any microcomputer system, the generation 
of accurate time delays under software control. !n- 
stead of setting up timing loops in software, the pro- 
grammer configures the 82C54 to match his require- 
ments and programs. one of the counters for the de- 
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Block Diagram 


DATA BUS BUFFER 


This 3-state, bi-directional, 8-bit buffer is used to in- 
terface the 82C54 to the system bus (see Figure 3). 


Eau es COUNTER 
0 


Aut COUNTER 
1 


CONTROL 


seseith, ) COUNTER 
rl i : 


Figure 3. Block Diagram Showing Data Bus 
Buffer and Read/Write Logic Functions 
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READ/WRITE LOGIC 


The Read/Write Logic accepts inputs from the sys- 
tem bus and generates control signals for the other 
functional blocks of the 82C54. A; and Ao select 
one of the three counters or the Control Word Regis- 
ter to be read from/written into. A “low’”.on the RD 
input tells the 82C54 that the CPU is reading one of 
the counters. A “low” on the WR input tells the 
82C54 that the CPU is writing either a Control Word 
or an initial count. Both RD and WR are qualified by 
CS; RD and WR are ignored unless the 82C54 has 
been selected by holding CS low. 
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CONTROL WORD REGISTER 


The Control Word Register (see Figure 4) is selected 
by the Read/Write Logic when Ay, Ao = 11. If the 
CPU then does a write operation to the 82C54, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
operation of the Counters. 


The Control Word Register can only be written to; 
status information is available with the Read-Back 
Command. 
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Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 


COUNTER 0, COUNTER 1, COUNTER 2 


These three functional blocks are identical in opera- 
tion, so only a single Counter will be described. The 
internal block diagram of a single counter is shown 
in Figure 5. 


The Counters are fully independent. Each Counter 
may operate in a different Mode. 


The Control Word Register is shown in the figure; it 
is not part of the Counter itself, but its contents de- 
termine how the Counter operates. 
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Figure 5. internal Block Diagram of a Counter 


The status register, shown in the Figure, when 
latched, contains the current contents of the Control 
Word Register and status of the output and null 
count flag. (See detailed explanation of the Read- 
Back command.) 


The actual counter is labelled CE (for “Counting Ele- 
ment”). It is a 16-bit presettable synchronous down 
counter. 


OLy and OL, are two 8-bit latches. OL stands for 
“Output Latch”; the subscripts M and L stand for 
‘Most significant byte” and “Least significant byte” 
respectively. Both are normally referred to as one 
unit and called just OL. These latches normally ‘“‘fol- 
low” the CE, but if a suitable Counter Latch Com- 
mand is sent to the 82C54, the latches “latch” the 
present count until read by the CPU and then return 
to ‘following’ the CE. One latch at a time is enabled 
by the counter’s Control Logic to drive the internal 
bus. This is how the 16-bit Counter communicates 
over the 8-bit internal bus. Note that the CE itself 
cannot be read; whenever you read the count, it is 
the OL that is being read. 


Similarly, there are two 8-bit registers called CRy 
and CR, (for “Count Register’). Both are normally 
referred to as one unit and called just CR. When a 
new count is written to the Counter, the count is 


82054 


stored in the CR and later transferred to the CE. The 
Control Logic allows one register at a time to be 
loaded from the internal bus. Both bytes are trans- 
ferred to the CE simultaneously. CRyy and CR, are 
cleared when the Counter is programmed. In this 
way, if the Counter has been programmed for one 
byte counts (either most significant byte only or least 
significant byte only) the other byte will be zero. 
Note that the CE cannot be written into; whenever a 
count is written, it is written into the CR. 


The Control Logic is also shown in the diagram. CLK 
n, GATE n, and OUT n are all connected to the out- 
side world through the Control Logic. 


82C54 SYSTEM INTERFACE 


The 82C54 is treated by the systems software as an 
array of peripheral |/O ports; three are counters and 
the fourth is a control register for MODE program- 
ming. 


Basically, the select inputs Ap, Ay connect to the Apo, 
A; address bus signals of the CPU. The CS can be 
derived directly from the address bus using a linear 
select method. Or it can be connected to the output 
of a decoder, such as an Intel 8205 for larger sys- 
tems. 


AODRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


i 


A; Ao SS AB «WR 


COUNTER 
0 


TF Or SO" 
OUT GATE CLK OUT GATECLK OUT GATE CLK 


COUNTER COUNTER 
1 2 
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Figure 6. 82C54 System Interface 
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OPERATIONAL DESCRIPTION 


General 


After power-up, the state of the 82C54 is undefined. 
The Mode, count value, and output of all Counters 
are undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 


before it can be used. Unused counters need not be 
programmed. 


Control Word Format 
Ai,Ap9 = 11 CS=0 RD=1 


D7 De 


Da 


intel. 


Counters are programmed by writing a Control Word 
and then an initial count. The control word format is 
shown in Figure 7. 


Programming the 82C54 | 


All Control Words are written into the Control Word 
Register, which is selected when Aj, Ap = 11. The 
Control Word itself specifies which Counter is being 
programmed. 


By contrast, initial counts are written into the Coun- 
ters, not the Control Word Register. The Aj, Apo in- 
puts are used to select the Counter to be written 
into. The format of the initial count is determined by 
the Control Word used. 


D3 D2 D; Do 


Ds 
sci | sco | RW1 | RWo | M2] M1 | Mo | BCD 


SC — Select Counter: 


SC1 Sco : 
| 0 | 0 | SelectCountero 
po | 4 | Select Countert 
Keine em 


Select Counter 2 
{ Read-Back Command 
(See Read Operations) 


RW — Read/Write: 
RW1 RWO 


Counter Latch Command (see Read 
Operations) 


ak Read/Write least significant byte only. 
Pa] 4 Read/Write most significant byte only. 


1 1 |Read/Write least significant byte first, 
then most significant byte. 


NOTE: Don’t care bits (X) should be 0 to insure 
compatibility with future Intel products. 


M — MODE: 


M2 M1 MO 
[oe [0 | 0 | Woieo 
SJR MKS SEK 
oor ay ON eS ee 
Wie BOTS HAT ERS DO 
OR ae GS Ses 


BCD: 


Regt Binary Counter 16-bits 


1 Binary Coded Decimal (BCD) Counter 
(4 Decades) 


Figure 7. Control Word Format 
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Write Operations 


The programming procedure for the 82C54 is very 
flexible. Only two conventions need to be remem- 
bered: 


1) For each Counter, the Control Word must be 
written before the initial count is written. 


2) The initial count must follow the count format 
specified in the Control Word (least significant 
byte only, most significant byte only, or least sig- 
nificant byte and then most significant byte). 


Since the Control Word Register and the three 
Counters have separate addresses (selected by the 
Ai, Ao inputs), and each Control Word specifies the 
Counter it applies to (SCO, SC1 bits), no special in- 


= 


Control Word — Counter 0 
LSB of count— Counter 0 
MSB of count — Counter 0 
Control Word — Counter 1 
LSB of count— Counter 1 
MSB of count — Counter 1 
Control Word — Counter 2 
LSB of count— Counter 2 
MSB of count — Counter 2 


oOfA3242200-2) 
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is 


Control Word — Counter 0 
Counter Word — Counter 1 
Control Word — Counter 2 
LSB of count— Counter 2 
LSB of count— Counter 1 
LSB of count— Counter 0 
MSB of count— Counter 0 
MSB of count — Counter 1 
MSB of count — Counter 2 


oO-CO7=0+23234P) 


tt CF Oto © =f 2s atk 


NOTE: 


82C54 


struction sequence is required. Any programming 
sequence that follows the conventions above is ac- 
ceptable. 


A new initial count may be written to a Counter at 
any time without affecting the Counter’s pro- 
grammed Mode in any way. Counting will be affected 
as described in the Mode definitions. The new count 
must follow the programmed count format. 


lf a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first 
and second byte to another routine which also writes 
into that same Counter. Otherwise, the Counter will 
be loaded with an incorrect count. 


= 


Control Word — Counter 2 
Control Word — Counter 1 
Control Word — Counter 0 
LSB of count— Counter 2 
MSB of count — Counter 2 
LSB of count— Counter 1 
MSB of count — Counter 1 
LSB of count— Counter 0 
MSB of count — Counter 0 


ooo bow aw ak we 
oO4-+=0033.4> 
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Control Word — Counter 1 
Control Word — Counter 0 


LSB of count— Counter 1 
Control Word — Counter 2 
LSB of count— Counter 0 
MSB of count — Counter 1 
LSB of count— Counter 2 
MSB of count— Counter 0 
MSB of count — Counter 2 


=—-OoO-jF- Od0O0=j- Oo = — 
COCOH02423282) 


In all four examples, all counters are programmed to read/write two-byte counts. 
These are only four of many possible programming sequences. 


Figure 8. A Few Possible Programming Sequences 


Read Operations 


It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easi- 
ly done in the 82C54. 


There are three possible methods for reading the 
counters: a simple read operation, the Counter 


Latch Command, and the Read-Back Command. 
Each is explained below. The first method is to per- 
form a simple read operation. To read the Counter, 
which is selected with the A1, AO inputs, the CLK 
input of the selected Counter must be inhibited by 
using either the GATE input or external logic. Other- 
wise, the count may be in the process of changing 
when it is read, giving an undefined result. 
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COUNTER LATCH COMMAND 


The second method uses the ‘Counter Latch Com- 
mand’. Like a Control Word, this command is written 
to the Control Word Register, which is selected 
when Ay, Ag = 11. Also like a Control Word, the 
SCO, SC1 bits select one of the three Counters, but 
two other bits, D5 and D4, distinguish this command 
from a Control Word. 


A, Ag= 11; CS=0; RD= 1; WR=0 
D7 De Ds Dg Dg Do Dy Do 
(ser[sco[ o[o[x[x[x[x 
SC1, SCO - specify counter to be latched 


SC1 Sco Counter 


Read-Back Command 


D5,D4 - 00 designates Counter Latch Command 


X - don’t care 


NOTE: 
Don’t care bits (X) should be 0 to insure compatibility 
with future Intel products. 


Figure 9. Counter Latching Command Format 


The selected Counter’s output latch (OL) latches the 
count at the time the Counter Latch Command is 
received. This count is held in the latch until it is read 
by the CPU (or until the Counter is reprogrammed). 
The count is then unlatched automatically and the 
OL returns to “following” the counting element (CE). 
This allows reading the contents of the Counters 
“on the fly” without affecting counting in progress. 
Multiple Counter Latch Commands may be used to 
latch more than one Counter. Each latched Coun- 
ter’s OL holds its count until it is read. Counter Latch 
Commands do not affect the programmed Mode of 
the Counter in any way. 


lf a Counter is latched and then, some time later, 
latched again before the count is read, the second 
Counter Latch Command is ignored. The count read 
will be the count at the time the first Counter Latch 
Command was issued. 


With either method, the count must be read accord- 
ing to the programmed format; specifically, if the 
Counter is programmed for two byte counts, two 
bytes must be read. The two bytes do not have to be 
read one right after the other; read or write or pro- 
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gramming operations of other Counters may be in- 
serted between them. 


Another feature of the 82C54 is that reads and 
writes of the same Counter may be interleaved; for 
example, if the Counter is programmed for two byte 
counts, the following sequence is valid. 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 


lf a Counter is programmed to read/write two-byte 
counts, the following precaution applies; A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same Counter. Otherwise, an incorrect 
count will be read. 


READ-BACK COMMAND 


The third method uses the Read-Back command. 
This command allows the user to check the count 
value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected coun- 
ter(s). 


The command is written into the Control Word Reg- 
ister and has the format shown in Figure 10. The 
command applies to the counters selected by set- 
ting their corresponding bits D3,D2,D1 = 1. 


AO, A1 = 11 


D7 D2 


Dg Ds D4 D3 Dy; Do 
CNT 1/CNTO} 0 


Ds: 0 = Latch count of selected counter(s) 
D4: 0 = Latch status of selected counter(s) 
D3: 1 = Select counter 2 

Do: 1 = Select counter 1 

D,: 1 = Select counter 0 

Do: Reserved for future expansion; must be 0 


Figure 10. Read-Back Command Format 


The read-back command may be used to latch multi- 
ple counter output latches (OL) by setting the 
COUNT bit D5=0 and selecting the desired coun- 
ter(s). This single command is functionally equiva- 
lent to several counter latch commands, one for 
each counter latched. Each counter’s latched count 
is held until it is read (or the counter is repro- 
grammed). That counter is automatically unlatched 
when read, but other counters remain latched until 
they are read. If multiple count read-back commands 
are issued to the same counter without reading the 


go 


a | : 
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count, all but the first are ignored; i.e., the count 


which will be read is the count at the time the first 
read-back command was issued. 


The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit D4=0. Status must be latched to be 
read; status of a counter is accessed by a read from 
that counter. 


The counter status format is shown in Figure 11. Bits 
D5 through DO contain the counter’s programmed 
Mode exactly as written in the last Mode Control 
Word. OUTPUT bit D7 contains the current state of 
the OUT pin. This allows the user to monitor the 
counter’s output via software, possibly eliminating 
some hardware from a system. 


Ds Ds Dg Ds Do Di Do 


D7 
NULL ' 


D Out Pin is 1 

Out Pin is 0 

Null count 

Count available for reading 


Ds-Dp Counter Programmed Mode (See Figure 7) 


A. 
0 
De 1 
0 


Figure 11. Status Byte 


NULL COUNT bit D6 indicates when the last count 
written to the counter register (CR) has been loaded 
into the counting element (CE). The exact time this 
happens depends on the Mode of the counter and is 
described in the Mode Definitions, but until the count 
is loaded into the counting element (CE), it can’t be 
read from the counter. If the count is latched or read 
before this time, the count value will not reflect the 
new count just written. The operation of Null Count 
is shown in Figure 12. 


Command 
D7 Dg Ds Dg Dz Do Dy Do 


Description 
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THIS ACTION: 

A. Write to the control 
word register:[1] 

B. Write to the count 
register (CR);[2] 

C. New count is loaded 
into CE (CR — CE); 


CAUSES: 


Null count= 1 


Null count = 1 


Null count = 0 


[1] Only the counter specified by the control word will 
have its null count set to 1. Null count bits of other 
counters are unaffected. 

[2] |f the counter is programmed for two-byte counts 
(least significant byte then most significant byte) null 
count goes to 1 when the second byte is written. 


Figure 12. Null Count Operation 


lf multiple status latch operations of the counter(s) 
are performed without reading the status, all but the 
first are ignored; i.e., the status that will be read is 
the status of the counter at the time the first status 
read-back command was issued. 


Both count and status of the selected counter(s) 
may be latched simultaneously by setting both 
COUNT and STATUS bits D5,D4=0. This is func- 
tionally the same as issuing two separate read-back 
commands at once, and the above discussions ap- 
ply here also. Specifically, if multiple count and/or 
status read-back commands are issued to the same 
counter(s) without any intervening reads, all but the 
first are ignored. This is illustrated in Figure 13. 


lf both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The 
next one or two reads (depending on whether the 
counter is programmed for one or two type counts) 
return latched count. Subsequent reads return un- 
latched count. 


Results 


1 1 1 Read back count and status of Count and status latched 
Counter 0 for Counter 0 


-i{1{1{o] 0] 1 | 0] 0 | Readback status of Counter1 | Status latched for Counter 1_ 
1 1 


1 


Read back status of Counters 2, 1 | Status latched for Counter 
2, but not Counter 1 


Read back count of Counter 2 Count latched for Counter 2 


Read back count and status of Count latched for Counter 1, 
Counter 1 but not status ) 


1 Read back status of Counter 1 Command ignored, status 
already latched for Counter 1 


Figure 13. Read-Back Command Example 
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Write into Counter 0 


Write into Counter 1 


RD | WR | A; | 
Pt. Po eee 8 

Pee cee 

1 | 0 | 1 | 0 | Write into Counter 2 | 
| 1 | Write Control Word | 
Oe 
i 
oe 


WR 
iad 
Boe 
ft. O14 
a8 ee 
2a 
CeMBeE 
TEREEe 
0 | 14 | 1 | 1 | No-Operation (3-State) | 
/1 | x | x | Xx | X | No-Operation (3-State) | 
0 | 1 {| 1 | X | X | No-Operation (3-State) | 


Figure 14. Read/Write Operations Summary 


Mode Definitions 


The following are defined for use in describing the 
operation of the 82C54. 


CLK PULSE: a rising edge, then a falling edge, in 
that order, of a Counter’s CLK input. 


TRIGGER: a rising edge of a Counter’s GATE in- 
put. 


COUNTER LOADING: the transfer of a count from 
the CR to the CE (refer to 
the “Functional Descrip- 
tion’) 


MODE 0: INTERRUPT ON TERMINAL COUNT 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains high until a new count or a 
new Mode 0 Control Word is written into the Coun- 
ter. 


GATE = 1 enables counting; GATE = 0 disables 
counting. GATE has no effect on OUT. 


After the Control Word and initial count are written to 
a Counter, the initial count will be loaded on the next 
CLK pulse. This CLK pulse does not decrement the 
count, so for an initial count of N, OUT does not go 
high until N + 1 CLK pulses after the initial count is 
written. 


lf a new count is written to the Counter, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 


1) Writing the first byte does not disable counting. 
OUT is set low immediately (no clock pulse re- 
quired). 


2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 
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This allows the counting sequence to be synchroniz- 
ed by software. Again, OUT does not go high until N 
+ 1 CLK pulses after the new count of N is written. 


If an initial count is written while GATE = 0, it will 
still be loaded on the next CLK pulse. When GATE 
goes high, OUT will go high N CLK pulses later; no 


CLK pulse is needed to load the Counter as this has 
already been done. 


CW=10 LSB=4 


o1o0!o1]0] 0 | FF| FF 
RicsUle ceeeeee Fee a aes 


CW=10 LSB=3 


ouT | | 
S43 heat Sif She 
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CW=10 LSB=3 LSB =2 
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NOTE: 

The Following Conventions Apply To All Mode Timing 
Diagrams: 

1. Counters are programmed for binary (not BCD) 
counting and for Reading/Writing least significant byte 
(LSB) only. 

2. The counter is always selected (CS always low). 

3. CW stands for “Control Word’; CW = 10 means a 
control word of 10, hex is written to the counter. 

4. LSB stands for ‘“‘Least Significant Byte” of count. 

5. Numbers below diagrams are count values. 

The lower number is the least significant byte. 

The upper number is the most significant byte. Since 
the counter is programmed to Read/Write LSB only, 
the most significant byte cannot be read. 

N stands for an undefined count. 

Vertical lines show transitions between count values. 


Figure 15. Mode 0 
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MODE 1: HARDWARE RETRIGGERABLE 
ONE-SHOT 


OUT will be initially high. OUT will go low on the CLK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. 
OUT will then go high and remain high until the CLK 
pulse after the next trigger. 


After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot pulse N CLK cycles in dura- 
tion. The one-shot is retriggerable, hence OUT will 
remain low for N CLK pulses after any trigger. The 
one-shot pulse can be repeated without rewriting the 
same count into the counter. GATE has no effect on 
OUT. 


If a new count is written to the Counter during a one- 
shot pulse, the current one-shot is not affected un- 
less the Counter is retriggered. In that case, the 
Counter is loaded with the new count and the one- 
shot pulse continues until the new count expires. 


CW=12 LSB=3 


o Fe. 1 8 0 | FF; Oo] oO 
palepe wel er elas elas te 


CW=12 LSB=3 


Goro. Ter oa 1.8 
Crete ee eeee teeta 


CW=1i2 LSB=2 
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Figure 16. Mode 1 
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MODE 2: RATE GENERATOR 


This Mode functions like a divide-by-N counter. It is 
typicially used to generate a Real Time Clock inter- 
rupt. OUT will initially be high. When the initial count 
has decremented to 1, OUT goes low for one CLK 
pulse. OUT then goes high again, the Counter re- 
loads the initial count and the process is repeated. 
Mode 2 is periodic; the same sequence is repeated 
indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables 
counting. If GATE goes low during an output pulse, 
OUT is set high immediately. A trigger reloads the 
Counter with the initial count on the next CLK pulse; 
OUT goes low N CLK pulses after the trigger. Thus 
the GATE input can be used to synchronize the 
Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT 
goes low N CLK Pulses after the initial count is writ- 
ten. This allows the Counter to be synchronized by 
software also. 


CWei4 LSB=3 


Iete tute otelstslal sds | 


CwWw=14 LSB=3 


CW=14 LSB =4 


NOTE: 
A GATE transition should not occur one clock prior to 
terminal count. 


Figure 17. Mode 2 
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Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current period, the Counter will be loaded with 
the new count on the next CLK pulse and counting 
will continue from the new count. Otherwise, the 
new count will be loaded at the end of the current 
counting cycle. In mode 2, a COUNT of 1 is illegal. 


MODE 3: SQUARE WAVE MODE 


Mode 3 is typically used for Baud rate generation. 
Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially be high. When half the ini- 
tial count has expired, OUT goes low for the remain- 
der of the count. Mode 3 is periodic; the sequence 
above is repeated indefinitely. An initial count of N 
results in a square wave with a period of N CLK 
cycles. 


GATE = 1 enables counting; GATE = 0 disables 
counting. If GATE goes low while OUT is low, OUT is 
set high immediately; no CLK pulse is required. A 
trigger reloads the Counter with the initial count on 
the next CLK pulse. Thus the GATE input can be 
used to synchronize the Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
allows the Counter to be synchronized by software 
also. 


Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the 
Counter will be loaded with the new count on the 
next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded 
at the end of the current half-cycle. 


Mode 3 is implemented as follows: 


Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented 
by two on succeeding CLK pulses. When the count 
expires OUT changes value and the Counter is re- 
loaded with the initial count. The above process is 
repeated indefinitely. 


Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK 
pulse and then is decremented by two on succeed- 
ing CLK pulses. One CLK pulse after the count ex- 
pires, OUT goes low and the Counter is reloaded 
with the initial count minus one. Succeeding CLK 
pulses decrement the count by two. When the count 
expires, OUT goes high again and the Counter is 
reloaded with the initial count minus one. The above 
process is repeated indefinitely. So for odd counts, 
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OUT will be high for (N + 1)/2 counts and low for 
(N —1)/2 counts. 


CWeté LSBn4 


0 0 0 rere Te edt es 
Case hesewe see a2 ja 2te@elta 


CW=16 LSB=5 


ImTeieimfotetoletalelsielels| 


CW=16 (LSB=4 


NOTE: 
A GATE transition should not occur one clock prior to 
terminal count. 


Figure 18. Mode 3 


MODE 4: SOFTWARE TRIGGERED STROBE 


OUT will be initially high. When the initial count ex- 
pires, OUT will go low for one CLK pulse and then 
go high again. The counting sequence is “triggered” 
by writing the initial count. 

GATE = 1 enables counting; GATE = 0 disables 
counting. GATE has no effect on OUT. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
CLK pulse does not decrement the count, so for an 
initial count of N, OUT does not strobe low until 
N + 1 CLK pulses after the initial count is written. 


lf a new count is written during counting, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 


- Ss 
~ 


a 
intel. 
1) Writing the first byte has no effect on counting. 


2) Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by 


software. OUT strobes low N+1 CLK pulses after 
the new count of N is written. 


CW=18 LSB=3 


o | 0] 0 | 0 | FF] FF | FF 
| N | N | N | N | 3 | 2 | 1 | 0 | FF | FE | FD 


CW=18 LSB=3 


o|o!f!o!lolf]o]o|rr 
| 7 | N | " | " | 3 | 3 | 3 | 2 | 1 | 0 Ba 


CwW=18 LSB=3 LSB=2 


oloeofo|fol{ot|o'} re 
| N | n | N | N i | 2 E | 2 | 0 ae 
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Figure 19. Mode 4 


MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGGERABLE) 


OUT will initially be high. Counting is triggered by a 
rising edge of GATE. When the initial count has ex- 
pired, OUT will go low for one CLK pulse and then 
go high again. 


82C54 


After writing the Control Word and initial count, the 
counter will not be loaded until the CLK pulse after a 
trigger. This CLK pulse does not decrement the 


count, so for an initial count of N, OUT does not 


strobe low until N+ 1 CLK pulses after a trigger. 


A trigger results in the Counter being loaded with the 
initial count on the next CLK pulse. The counting 
sequence is retriggerable. OUT will not strobe low 
for N + 1 CLK pulses after any trigger. GATE has 
no effect on OUT. 


If a new count is written during counting, the current 
counting sequence will not be affected. If a trigger 
occurs after the new count is written but before the 
Current count expires, the Counter will be loaded 
with the new count on the next CLK pulse and 
counting will continue from there. 


CW=1A LSB=3 
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Figure 20. Mode 5 
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Low i Operation Common to All Modes 
Or Going 
Programming 
Disables Enables 
counting counting When a Control Word is written to a Counter, all 
1) initiates Control Logic is immediately reset and OUT goes to 
counting a known initial state; no CLK pulses are required for 
2) Resets output this. 
after next 
clock GATE 
1) Disables . : ae 
counting ities Enables The GATE input is always sampled on the rising 
2) Sets output counting counting edge of CLK. In Modes 0, 2, 3, and 4 the GATE input 
immediately is level sensitive, and the logic level is sampled on 
high the rising edge of CLK. In Modes 1, 2, 3, and 5 the 
GATE input is rising-edge sensitive. In these Modes, 
1) Disables < a rising edge of GATE (trigger) sets an edge-sensi- 
counting Initiates Enables tive flip-flop in the Counter. This flip-flop is then sam- 
2) Sets output counting counting pled on the next rising edge of CLK; the flip-flop is 
immediately reset immediately after it is sampled. In this way, a 


trigger will be detected no matter when it occurs—a 


Disables Enables high logic level does not have to be maintained until 
counting counting the next rising edge of CLK. Note that in Modes 2 
Initiates and 3, the GATE input is both edge- and level-sensi- 
counting tive. In Modes 2 and 3, if a CLK source other than 
the system clock is used, GATE should be pulsed 

immediately following WR of a new count value. 


COUNTER 
MIN MAX 
COUNT | COUNT New counts are loaded and Counters are decre- 


1 pares mented on the falling edge of CLK. 


Po eae a The largest possible initial count is 0; this is equiva- 
lent to 216 for binary counting and 104 for BCD 
counting. 


The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter “wraps around”’ to 
the highest count, either FFFF hex for binary count- 


0 is equivalent to 216 for binary counting and 104 for ing or 9999 for BCD counting, and continues count- 
BCD counting ing. Modes 2 and 3 are periodic; the Counter reloads 
itself with the initial count and continues counting 

Figure 22. Minimum and Maximum initial Counts from there. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias....... 0°C to 70°C 
Storage Temperature ............ —65° lo-+ 150°C 
SUDBIVIVONBG x a5 vscca cess daveens —0.5 to +8.0V 
Operating VOlage .....ooi6 cca cheeses +4V to +7V 
Voltage on any Input.......... GND —2V to +6.5V 
Voltage on any Output ..GND—0.5V to Vcc + 0.5V 
POWGr DVARIDATION oo<esceuneseuscesmass us 1 Watt 


D.C. CHARACTERISTICS 


82C54 


NOTICE: This is a production data sheet. The specifi- 


cations are subject to change without notice. 


* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


(Ta=0°C to 70°C, Voc =5V+ 10%, GND=OV) (Ta = —40°C to + 85°C for Extended Temperature) 


|Symbol |___— Parameter 
CC 


Voc Supply Current 


IocsB Voc Supply Current-Standby 


IccsBi Vcc Supply Current-Standby 


lon = —2.5mMA 
loH = —100 pA 


Clk Freq= 


A 
BA | CLK Freq = DC 
CS = Vcc. 
All Inputs/Data Bus Voc 
All Outputs Floating 


CLK Freq = DC 
CS = Vcc. All Other Inputs, 
I/O Pins = Venp, Outputs Open 


8MHz 82C54 
10MHz 82C54-2 


Input Capacitance fo = 1 MHz 

|/O Capacitance | 18 prot Unmeasured pins 

Output Capacitance TS NT Bates alas ait 

A.C. CHARACTERISTICS 

(Ta = 0°C to 70°C, Voc = 5V +10%, GND =OV) (Ta = —40°C to + 85°C for Extended Temperature) 
BUS PARAMETERS (Note 1) 

READ CYCLE 


Symbol 


Ee tea | 
| tan | Address StableBeforeRDL | 30 
| tsa || CS StableBeforeRD) | 
| tra | AddressHoldTimeaAtterRDT | 0 
Pee Oe Ts eee Sree ee 
| tap | DataDelayfromRD) | 
| tap | DataDelayfromAddress | 
| tor | RDP toDataFloating | 
| tay | Command RecoveryTime | 165 
NOTE: 


1. AC timings measured at Voy = 2.0V, Vo, = 0.8V. 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


Address Stable Before WR | 
CS Stable Before WR | 
Address Hold Time After WR T 


WR Pulse Width 


Data Setup Time Before WR T 
Data Hold Time After WR T 
Command Recovery Time 


100 
mi 


NOTES: 

2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 70 ns for the 82C54-2 of the 
rising clock edge may not be detected. 

3. Low-going glitches that violate tpwx, tpw_ may cause errors requiring counter reprogramming. 

4. Except for Extended Temp., See Extended Temp. A.C. Characteristics below. 

5. Sampled not 100% tested. Ta = 25°C. 

6. If CLK present at Two min then Count equals N+ 2 CLK pulses, Two max equals Count N+ 1 CLK pulse. Two min to 
Twc max, count will be either N+ 1 or N+ 2 CLK pulses. 

7. In Modes 1 and 5, if GATE is present when writing a new Count value, at Two min Counter will not be triggered, at Two 
max Counter will be triggered. , 

8. If CLK present when writing a Counter Latch or ReadBack Command, at To, min CLK will be reflected in count value 
latched, at To, max CLK will not be reflected in the count value latched. Writing a Counter Latch or ReadBack Command 
between To _ min and Tw. max will result in a latched count vallue which is + one least significant bit. 


EXTENDED TEMPERATURE (Ta = —40°C to + 85°C for Extended Temperature) 


| Symbot | Parameter 


twc CLK Delay for Loading 
Gate Delay for Sampling 
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WAVEFORMS 


WRITE 


‘ee aa 


hye twa | *— 


sey he woman 


tow ——> two— 


231244-14 


READ 


DATA BUS == = = 


231244-15 


RECOVERY 


231244-16 
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CLOCK AND GATE 


OUTPUT 0 


231244-17 
* Last byte of count being written 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4 DEVICE 
2.0 2.0 


> vero 


0.8 0.8 
0.45 


231244-18 
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V 
for a logic “0.” Timing measurements are made at 2.0V for a logic 


231244-19 


CL. = 150 pF 


REVISION SUMMARY 
The following list represents the key differences be- 
tween Rev. 005 and 006 of the 82C54 Data Sheet. 


1. References to and specifications for the 8 MHz 
82C54 are removed. Only the 10 MHz 82C52-2 
remains in production. 
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8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 
m MCS-85 Compatible 8255A-5 m@ Direct Bit Set/Reset Capability Easing 
m 24 Programmable I/O Pins Control Application Interface 
m Completely TTL Compatible m Reduces System Package Count 
g Fully Compatible with Intel = Improved DC Driving Capability 


Microprocessor Families m@ Available in EXPRESS 


ee cnt — Standard Temperature Range 
m@ Improved Timing Characteristics — Extended Temperature Range 


m 40 Pin DIP Package 


(See Intel Packaging: Order Number: 240800-001, 
Package Type P) 


The Intel 8255A is a general purpose programmable I/O device designed for use with Intel microprocessors. It 
has 24 I/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of 
operation. In the first mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input 
or output. In MODE 1, the second mode, each group may be programmed to have 8 lines of input or output. Of 
the remaining 4 pins, 3 are used for handshaking and interrupt control signals. The third mode of operation 
(MODE 2) is a bidirectional bus mode which uses 8 lines for a bidirectional bus, and 5 lines, borrowing one 
from the other group, for handshaking. 


1/0 
PA7-PAo 


Bi-DIRECTIONAL DATA BUS 


8255A-5 


WA 

Ai TAS) 

PB7-PBo 
Ao 
RESET 
231308-2 
Figure 2. Pin 
Configuration 

ct 


231308-1 
Figure 1. 8255A Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 

September 1993 
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intel. 82C55A 
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE 


m@ Compatible with all Intel and Most = Control Word Read-Back Capability 
Other Microprocessors m Direct Bit Set/Reset Capability 

m High Speed, “Zero Wait State” _" m 2.5 mA DC Drive Capability on all 1/0 
Operation with 8 MHz 8086/88 and Port Outputs i : 
80186/188 


24P ble I/O Pi @ Available in 40-Pin DIP and 44-Pin PLCC 
s ee iat 9 @ Available in EXPRESS 


m Low Power CHMOS — Standard Temperature Range 
= Completely TTL Compatible — Extended Temperature Range 


The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose 
programmable |/O device which is designed for use with all Intel and most other microprocessors. It provides 
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. 
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5. 


In MODE 0, each group of 12 I/O pins may be programmed in sets of 4 and 8 to be inputs or outputs. In 
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used 
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration. 


The 82C55A is fabricated on Intel’s advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin 
DIP and 44-pin plastic leaded chip carrier (PLCC) packages. 


—_—.P + 5V 


———» GNod ; 
GROUP 
A 
<< 


POWER 
SUPPLIES 


BI-DIREC TIONAL DATA BUS 


231256-1 
Figure 1. 82C55A Block Diagram 


291256-2 
Figure 2. 82C55A Pinout 


Diagrams are for pin reference only. Package 
sizes are not to scale. 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


September 1987 
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-8256AH 
MULTIFUNCTION MICROPROCESSOR 
SUPPORT CONTROLLER 
m Programmable Serial Asynchronous = Two 8-Bit Programmable Parallel |/O 
Communications Interface for 5-, 6-, 7-, Ports; Port 1 Can Be Programmed for 
or 8-Bit Characters, 1, 11/4, or 2 Stop Port 2 Handshake Controls and Event 
Bits, and Parity Generation Counter Inputs 
= On-Board Baud Rate Generator m Ejight-Level Priority Interrupt Controller 
Programmable for 13 Common Baud Programmable for 8085 or iAPX 86, 
Rates up to 19.2 KBits/Second, or an iAPX 88 Systems and for Fully Nested 
External Baud Clock Maximum of 1M Interrupt Capability 
Bit/Second m Programmable System Clock to 1 x, 
mg Five 8-Bit Programmable Timer/ 2 X,3 X,or5 X 1.024 MHz 


Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 


The Intel 8256AH Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com- 
monly used functions into a single 40-pin device. It is designed to interface to the 8086/88, iAPX 186/188, and 
8051 to perform serial communications, parallel |1/O, timing, event counting, and priority interrupt functions. All 
of these functions are fully programmable through nine internal registers. In addition, the five timer/counters 
and two parallel |/O ports can be accessed directly by the microprocessor. 


ADDRESS/ 


TO ALL INTERNAL 
comrade ap FUNCTIONS 
DATA 


REGISTERS 


sia ii PORT1 SYSTEM 
PORT 2 CLOCK CLK 
PORTS PRESCALER 


BUS 
BUFFERS 


as BAUD 
AB 5 RATE 
wR COUNTER/ GENERATOR 
BUS TIMERS 
ALE CONTROL 
RESET LoGic 
INTA 


RxD 
TxD 
re 
Txc 
crs 


INTERRUPT 
CONTROLLER EXTINT 


Figure 1. MUART Block Diagram 


230759-2 
aerate Figure 2. MUART Pin 
Configuration 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


September 1990 
Order Number: 230759-002 5-43 


ing 8259A 


PROGRAMMABLE INTERRUPT CONTROLLER 
(8259A/8259A-2) ) 


m 8086, 8088 Compatible m@ Single + 5V Supply (No Clocks) 

m MCS-80, MCS-85 Compatible w Available in 28-Pin DIP and 28-Lead 
m= Eight-Level Priority Controller Se ne ee Gael Stas 

m Expandable to 64 Levels g Available in EXPRESS 

m@ Programmable Interrupt Modes — Standard Temperature Range 

m Individual Request Mask Capability — Extended Temperature Range 


The Intel 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. 
It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin 
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter- 
rupts. It has several modes, permitting optimization for a variety of system requirements. 


_ The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate 
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 


DIP 


INTA INT 


CONTROL LOGIC 


DATA 


BUS 
BUFFER 


o3 C8 223 ir4 
INTERRUPT MASK REG 
CASCADE (IMR) 
BUFFER/ 


COMPARATOR 


i7 18 


ga 
a) 
=e 


INTERNAL BUS 231468-31 
Figure 2. Pin 
Configurations 


231468-1 
Figure 1. Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand”’ CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
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CHMOS Programmable Interrupt Controller 


80C86/88 and 8080/85/86/88 
Compatible 


Fully Static Design 
Single 5V Power Supply 
Available in 28-Pin Plastic DIP 


82C59A-2 
= Pin Compatible with NMOS 8259A-2 we 
m@ Eight-Level Priority Controller 
m Expandable to 64 levels a 
= Programmable Interrupt Modes as 
m Low Standby Power—10 yA = 


m Individual Request Mask Capability 


(See Packaging Spec., Order #231369) 


The Intel 82C59A-2 is a high performance CHMOS version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A-2 is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro- 


processors such as the 80C86/88, 8086/88 and 8080/85. 


The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements. 
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin 


plastic DIP. 


iNTA INT 


DATA 


BUS 
BUFFER 


PRIORITY 
RESOLVER 


cs 
CAS 0 — a INTERRUPT MASK REG 
CAS 1 BUFFER/ 
COMPARATOR 
CAS 2 
INTERNAL BUS 
SP /EN 
Figure 1. Block Diagram 
October 1988 


Order Number: 231201-004 


(IRR) 


7 
82C59A-2 
8 21 


REG 


231201-2 
Figure 2. Pin Configuration 


231201-1 
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Table 1. Pin Description 


Name and Function 
SUPPLY: + 5V Supply. 


CHIP SELECT: A low on this pin enables RD and WR 
communication between the CPU and the 82C59A-2. INTA 
functions are independent of CS. 


WRITE: A low on this pin when CS is low enables the 
82C59A-2 to accept command words from the CPU. 

READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 
BIDIRECTIONAL DATA BUS: Control, status and interrupt- 
vector information is transferred via this bus. 


CASCADE LINES: The CAS lines form a private 82C59A-2 

bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and mee for a slave 
82C59A-2. 


SLAVE PROGRAM/ENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 


INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus it is 
connected to the CPU’s interrupt pin. 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt 
request is executed by raising an IR input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IR input (Level Triggered Mode). 
Internal pull-up resistors are implemented on IRO-7. 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 


AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WR, and RD pins. It is used by the 82C59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (A1 for 80C86, 80C88). 


C 


| | th 


CASp-CAS» 12, 13, 15 


2 
al 
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D 
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FUNCTIONAL DESCRIPTION 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in an efficient man- 
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 


The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
‘“‘ask” each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 


This method is called /nterrupt. |t is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 


Each peripheral device or structure usually has a 


special program or “routine’’ that is associated with 


its specific functional or operational requirements; 
this is referred to as a “service routine’. The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can “point” the 
Program Counter to the service routine associated 
with the requesting device. This ‘pointer’ is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 


82C59A-2 


The 82C59A-2 


The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys- 


CPU-DRIVEN 
MULTIPLEXOR 


i He 
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Figure 3a. Polled Method 


231201-4 


Figure 3b. Interrupt Method 
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tems. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A-2’s (up to 64 levels). It is programmed by 
the system’s software as an I/O peripheral. A selec- 
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc- 
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com- 
plete interrupt structure can be defined as required, 
based on the total system environment. 


INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 


The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service Register (ISR). The 
IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrupt levels which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits 


set in the IRR. The highest priority is selected and 


strobed into the corresponding bit of the ISR during 
INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. 
The Von level on this line is designed to be fully 
compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 82C59A-2 to release vec- 
toring information onto the data bus. The format of 
this data depends on the system mode (PM) of the 
82C59A-2. 


DATA BUS BUFFER 
This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 82C59A-2 to the system Data Bus. Control 


words and status information are _ transferred 
through the Data Bus Buffer. 
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The function of this block is to accept OUTput com- 
mands from the. CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 
82C59A-2 to be transferred onto the Data Bus. 


READ/WRITE CONTROL LOGIC 


CS (CHIP SELECT) 


A LOW on this input enables the 82C59A-2. No 
reading or writing of the chip will occur unless the 
device is selected. 


WR (WRITE) 


A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 82C59A-2. 


RD (READ) 


A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 


Ao 


This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 


THE CASCADE BUFFER/COMPARATOR 


This function block stores and compares the IDs of 
all 82C59A-2’s used in the system. The associated 
three I/O pins (CASO-2) are outputs when the 
82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de- 
vice onto the CASO-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con- 
secutive INTA pulses. (See section ‘Cascading the 
82C59A-2”’.) 
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INTERRUPT SEQUENCE 


The powerful features of the 82C59A-2 in a micro- 
computer system are its programmability and the in- 
terrupt routine addressing capability. The latter al- 
lows direct or indirect jumping to the specific inter- 
rupt routine requested without any polling of the in- 
terrupting devices. The normal sequence of events 


82C59A-2 


during an interrupt depends on the type of CPU be- 
ing used. 


The events occur as follows in an MCS-80/85 sys- 

tem: 

1. One or more of the INTERRUPT REQUEST Lines 
(IR7-0) are raised high, setting the corresponding 
IRR bit(s). 


—*< CONTROL LOGIC 


PRIORITY 
(RESOLVE 


*, INTERRUPT MASK REG 
(19AR) 


os, 


INTERNAL BUS 


231201-5 


Figure 4. 82C59A-2 Block Diagram 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


CASCADE 
LINES 


SLAVE PROGRESS / 
ENABLE BUFFER 


82CS9A=-2 


IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 
0 


a ae lee” So ee i | 


INTERRUPT REQUESTS 
231201-8 


Figure 5. 82C59A-2 Interface to Standard System Bus 
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2. The 82C59A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds 
with an INTA pulse. 


4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 82C59A-2 will also re- 
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 


5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82C59A-2 from the CPU 
group. 

6. These two INTA pulses allow the 82C59A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 


7. This completes the 3-byte CALL instruction re- 
leased by the 82C59A-2. In the AEOI mode the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 


The events occurring in an 80C86 system are the 
same until step 4. 


4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 82C59A-2 does not drive 
the Data Bus during this cycle. 


5. The 80C86 will initiate a second INTA pulse. Dur- 
ing this pulse, the 82C59A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 


6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 


If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82C59A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 


When the 82C59A-2 PIC receives an interrupt, INT 
becomes active and an interrupt acknowledge cycle 
is started. If a higher priority interrupt occurs be- 
tween the two INTA pulses, the INT line goes inac- 
tive immediately after the second INTA pulse. After 
an unspecified amount of time the INT line is activat- 
ed again to signify the higher priority interrupt waiting 
for service. This inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys- 
tem which uses the 82C59A-2. It is recommended 
that proper asynchronous design techniques be fol- 
lowed. 
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INTERRUPT SEQUENCE OUTPUTS 


MCS®-80, MCS-85 


This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 
Content of First Interrupt 
Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 


CALL CODE 1 1. bo Fes). BF 


During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits As—A7 are pro- 
grammed, while Ag—A, are automatically inserted by 
the 82C59A-2. When Interval = 8 only Ag and A7 
are programmed, while Ap-As are automatically in- 
serted. | 
Content of Second Interrupt 
Vector Byte 


interval = 4 


D7 D6 DS D4 D8 D2 D1 ODO 


A7 A6 AS 1 1 


interval = 8 


D7 D6 DS D4 D3 D2 D1 ODO 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Ag — Aj;s), is 
enabled onto the bus. 


Content of Third Interrupt 
Vector Byte 
D7 OD 


6 D5 D4 D3 D2 Di DO 
80C86, 80C88 


80C86, 80C88 mode is similar to MCS-80 mode ex- 
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl- 
edge cycle is similar to that of MCS-80, 85 systems 
in that the 82C59A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and As—Aj;,; are 
unused in 80C86, 80C88 mode): 


Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 


|_| 7 | D6 | bs | D4 | ba | p2 | D1 | Do 
ine | T7 | te | 15|t4| 13] + | 4 | 0 
ins | 17 | Te | 15 | 74/3] 4 | o | 4 
ina | 7 | te | 15 | T4 | 3] 1 | 0 | 0 
ins | 17 | t6| 15 | T4| 73] 0 | + | 4 
ina | 7 | te | 15 | 4 | 13] 0 | 1 | oO 
int | 17 | 16 | 15 | T4| 13] 0 | o | 4 
ipo | 17 | 16] 15] T4] T3] 0 | o | 0 


PROGRAMMING THE 82C59A-2 


The 82C59A-2 accepts two types of command 
words generated by the CPU: 


1. Initialization Command Words (ICWs): Before nor- 
mal operation can begin, each 82C59A-2 in the 
system must be brought to a starting point — by a 
sequence of 2 to 4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are 
the command words which command the 
82C59A-2 to operate in various interrupt modes. 
These modes are: 

a. Fully nested mode 


b. Rotating priority mode 


82C59A-2 


c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 82C59A-2 any- 
time after initialization. 


INITIALIZATION COMMAND WORDS 
(ICWS) 


GENERAL 


Whenever a command is issued with AO = 0 and D4 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the initialization se- 
quence during which the following automatically oc- 
cur. 


a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in- 
put must make a low-to-high transition to gener- 
ate an interrupt. 


b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address is set to 7. 


e. Special Mask Mode is cleared and Status Read is 
set to IRR. 


f. If |C4 = 0, then all functions selected in ICW4 are 
set to zero. (Non-Buffered mode*, no Auto-EOl, 
MCS-80, 85 system). 


*NOTE: 
Master/Slave in |CW4 is only used in the buffered 
mode. 


INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 


As5-A15: Page starting address of service routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 


The address format is 2 bytes long (Ag—Aj45). When 
the routine interval is 4, Ag—A4 are automatically in- 
serted by the 82C59A-2, while As—Aji5 are pro- 
grammed externally. When the routine interval is 8, 
Ao-As are automatically inserted by the 82C59A-2, 
while Ag—Ai5 are programmed externally. 


The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 


In an 80C86, 80C88 system A;5-—Aj,, are inserted in 
the five most significant bits of the vectoring 
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byte and the 82C59A-2 sets the three least signifi- 
cant bits according to the interrupt level. Ajg—As are 
ignored and ADI (Address Interval) has no effect: 


LTIM: If LTIM = 1, then the 82C59A-2 will operate 
in the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 


ADI: CALL address interval. ADI = 1 then inter- 
val = 4; ADI = 0 then interval = 8. 


SNGL: Single. Means that this is the only 82C59A-2 
in the system. If SNGL = 1 no ICW3 will be 
issued. 


IC4: If this bit is set — ICW4 has to be read. If 
ICW4 is not needed, set IC4 = 0. 


INITIALIZATION COMMAND WORD 3 (ICW3) 


This word is read only when there is more than one 
82C59A-2 in the system and cascading is used, in 
which case SNGL = 0. It will load the 8-bit slave 
register. The functions of this register are: 


a. In the master mode (either when SP = 1, or in 
buffered mode when M/S = 1 in ICW4) a ‘1” is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS- 
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C86, 80C88 
only byte 2) through the cascade lines. 


NO (SINGL = 1) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


Figure 6. Initialization Sequence 
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b. In the slave mode (either when SP = 0, or if BUF 
= 1 and M/S = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 


the call sequence (or just byte 2 for 80C86, 
80C88 are released by it on the Data Bus. 


INITIALIZATION COMMAND WORD 4 (iCW4) 
SFNM: If SFNM = 1 the special fully nested mode 
is programmed. 


BUF: If BUF = 1 the buffered mode is pro- 
grammed. In buffered mode SP/EN be- 
comes an enable output and the master/ 
slave determination is by M/S. 


M/S: If buffered mode is selected: M/S = 1 
means the 82C59A-2 is programmed to be a 
master, M/S = 0 means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, M/S 
has no function. 


lf AEO! = 1 the automatic end of interrupt 
mode is programmed. 


uPM: Microprocessor mode: wPM = 0 sets the 
82C59A-2 for MCS-80, 85 system operation, 
PM = 1 sets the 82C59A-2 for 80C86 sys- 
tem operation. 


AEOI!: 


231201-9 


> ae | “a 

<a ‘ * . > : i - «= ds 4 * | i “e% & , 
i. . ay a) & “ - . . 5 r 
* i . : ea é 7 : ‘_ eS) AY 7. “+ ‘ ‘ 


in 82C59A-2 


Icw1 


Ag 0, Dg Dg . Dy D, | Dy 


D Dy 


1=ICW4 NEEDED 
O=NO ICW4 NEEDED 


1 = SINGLE 
0 =CASCADE MODE 


CALL ADDRESS INTERVAL 
1=INTERVAL OF 4 
O=INTERVAL OF 8 


1=LEVEL TRIGGERED MODE 
O=EDGE TRIGGERED MODE 


Az~As OF INTERRUPT 


VECTOR ADDRESS 
(MCS=80/85 MODE ONLY) 


A, 


11 
4 Ay A15~Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS=80 /85 MODE ONLY) 
Tz ~Ts OF INTERRUPT 
VECTOR ADDRESS 


(80C86 /80C88 MODE) 


VAVAUA 


IR INPUT HAS A SLAVE 
IR INPUT DOES NOT HAVE 


1 = 80C86 / 80C88 MODE 
0 =MCS-80 /85 MODE 


1=AUTO EOI 
Q=NORMAL EO! 


| oO | X_}| NON@BUFFERED MODE 
Y_1 | © | BUFFERED MODE / SLAVE 
| 1 | 1 J BUFFERED MODE / MASTER 


1=SPECIAL FULLY NESTED MODE 
O=NOT SPECIAL FULLY NESTED 
MODE 


231201-10 


NOTE: 
Slave ID is equal to the corresponding master IR input. 


Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS 
(OCWs) 


After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip is ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo- 
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 
D7 D6 D5 D4 asta ts SET D2 D1 


AO 
[M7 M6 M5 M4 M3 M2 M1 MO 


OCcW2 


| 0 | A SL EO 0-0 We Li Lo 


OCW3 


| 0] 0 ESMM SMM 0 1 P RR AIS 


OPERATION CONTROL WORD 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7—Mo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 


R, SL, EO! — These three bits control the Rotate 
and End of Interrupt modes and combinations of the 
two. A chart of these combinations can be found on 
the Operation Command Word Format. 


Lo, Ly, Lo—These bits determine the interrupt level 
acted upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a “don’t care”’. 


SMM — Special Mask Mode. If ESMM = 1 and 
SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 
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(EO! = 1,SL = 1,R = 


FULLY NESTED MODE 


This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority form O through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOl) 
command immediately before returning from the 
service routine, or if AEO! (Automatic. End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt (which will be acknowl- 
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating Priority 
mode. 


END OF INTERRUPT (EOI) 


The In Service (IS) bit can be reset either automati- 
cally following the trailing edge of the last in se- 
quence INTA pulse (when AEOI bit in ICW4 is set) or 
by a command word that must be issued to the 
82C59A-2 before returning from a service routine 
(EOI command). An EOI command must be issued 
twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 


There are two forms of EOI command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on EOI. When a 
Non-Specific EOI command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high- 
est IS level was necessarily the last level acknowl- 
edged and serviced. A non-specific EOI can be is- 
sued with OCW2 (EOI = 1, SL = 0, R = 0). 


When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
0, and LO-L2 is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 82C59A-2 is in the Special Mask Mode. 


in 82C59A-2 


INTERRUPT MASK 
1=MASK SET 
O=MASK RESET 


IR LEVEL TO BE 
ACTED UPON 


NON SPECIFIC EO! COMMAND } eno OF INTERRUPT 


SPECIFIC EO! COMMAND 

ROTATE ON NON=SPECIFIC EO! COMMAND 

ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
*ROTATE ON SPECIFIC EO| COMMAND 
*SET PRIORITY COMMAND 

NO OPERATION 


} SPECIFIC ROTATION 


*LO-L2 ARE USED 


Ds D, OD, Do, D, Do 


An OF DF 


READ REGISTER COMMAND 


1=POLL COMMAND 
O=NO POLL COMMAND 


SPECIAL MASK MODE 


NO ACTION SPECIAL 
MASK 


231201-11 


Figure 8. Operation Command Word Format 
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AUTOMATIC END OF INTERRUPT (AEOI) MODE 


If AEOI = 1 in ICW4, then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc- 
ture is not required within a single 82C59A. 


The AEOI mode can only be used in a master 
82C59A and not a slave. 


AUTOMATIC ROTATION 


(Equal Priority Devices) 


In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and “in service’”’ status is: 


Before Rotate (IR4 the highest priority requiring 


service) 
IS7 IS6 IS5 1S4 IS3 IS2 IS1 ISO 


“IS” Status. fof afof1}ofofojo. 


Highest 
Priority 


a3 L 
Priority Status }7}6/514/3/2/1] 0 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


Lowest 
Priority 


IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 


“IS” Status 


Highest 
Priority 


Lod 


2{t}o}7jels}4}a 


There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EO! 
Command (R = 1, SL = 0, EOI = 1) and the Ro- 


Lowest 
Priority 


Priority Status 
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tate in Automatic EOI Mode which is set by (R = 


SL = 0, EOI = 0) and cleared by (R = 0, SL 
EOI = 0). , 


1, 
0, 


SPECIFIC ROTATION 


(Specific Priority) 


The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities; i.e., if IR5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. 


Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EO! command in OCW2 (R = 1, SL 
= 1, EO! = 1 and LO-L2 = IR level to receive 
bottom priority). 


INTERRUPT MASKS 


Each Interrupt Request input can be masked individ- 
ually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit O masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 


SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 


The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 


That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from a// other levels (lower as well 
as higher) that are not masked. 


| 
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Thus, any interrupts may be selectivity enabled by 
loading the mask register. 


The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = 0. 


POLL COMMAND 


In Poll mode the INT output functions as it normally 
does. The microprocessor should ignore this output. 
This can be accomplished either by not connecting 
the INT output or by masking interrupts within the 
microprocessor, thereby disabling its interrupt input. 
Service to devices is achieved by software using a 
Poll command. 


The Poll command is issued by setting P = “1” in 
OCWS. The 82C59A-2 treats the next RD pulse to 


LTIM BIT 
0 = EDGE 
1 =LEVEL 


READ IRR 


NOTES: 
1. Master Clear active only during ICW1 

2. Freeze/ is active during INTA/and poll sequences only 
3. Truth Table for D-Latch 


TO OTHER PRIORITY CELLS 


WRITE MASK 


82C59A-2 


the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate |S bit if there is a 
request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 


The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 


W2 Wi WO 


WO-W2: 
Binary code of the highest priority level requesting 
service. 


I: Equal to a “1” if there is an interrupt. 


This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 


CLR ISR 


ISR BIT 


PRIORITY 


SET ISR | RESOLVER 


CONTROL 
LOGIC 


INTERNAL 
DATA BUS 


MASTER CLR 
READ ISR 
READ IMR 


231201-12 


Cc; D Q OPERATION 
1 | Di Di FOLLOW 
0! X ! Qn-1 HOLD 


Figure 9. Priority Celi—Simplified Logic Diagram 
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READING THE 82C59A-2 STATUS 


The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRR 
and ISR or OCW1 [IMR]). 


Interrupt Request Register (IRA): 8-bit register which 
contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
fected by IMR). 


In-Service Register (ISR): 8-bit register which con- 
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 


Interrupt Mask Register. 8-bit register which con- 
tains the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 1): 


There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 
82C59A-2 “remembers” whether the IRR or ISR has 
been previously selected by the OCW3. This is not 
true when poll is used. 


After initialization the 82C59A-2 is set to IRR. 


For reading the IMR, no OCW3 is needed. The out- 
put data bus will contain the IMR whenever RD is 
active and AO = 1 (OCW’1). 


Polling overrides status read when P = 1, RR = 1 
in OCWS. 


EARLIEST IR 
CAN BE REMOVED 
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EDGE AND LEVEL TRIGGERED MODES 
This mode is programmed using bit 3 in ICW1. 


lf LTIM = ‘0’, an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 


lf LTIM = ‘1’, an interrupt request will be recognized 
by a ‘high’ level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter- 
rupt from occurring. 


The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 


In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for “clean up” simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IR7 is needed for other purposes a default 
IR7 can still be detected by reading the ISR. A nor- 
mal IR7 interrupt will set the corresponding |SR bit, a 
default IR7 won't. If a default IR7 routine occurs dur- 
ing a normal IR7 routine, however, the ISR will re- 
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en- 
tered. If another IR7 occurs it is a default. 


LATCH’ 
"EDGE TRIGGERED MODE ONLY ARMED 
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Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 
ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 


a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master’s priority logic and further interrupt re- 
quests from higher priority IR’s within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 


b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas- 
ter too. If not, no EOI should be sent. 


BUFFERED MODE 


When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 


The buffered mode will structure the 82C59A-2 to 
send an enable signal on SP/EN to enable the buff- 
ers. In this mode, whenever the 82C59A-2’s data 
bus outputs are enabled, the SP/EN output be- 


comes active. 


82C59A-2 


This modification forces the use of software pro- 
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff- 
ered mode, and bit 2 in |CW3 determines whether it 
is a master or a slave. 


CASCADE MODE 


The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han- 
dle up to 64 priority levels. 


The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 80C86/80C88). 


The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization: sequence and can be pro- 
grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 


The cascade lines of the Master 82C59A-2 are acti- 
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 


c 


ONTROL BUS : 


Res FD a Ss) ore 7 at whee 


INTERRUPT REQUESTS 
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Figure 11. Cascading the 82C59A-2 
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ABSOLUTE MAXIMUM RATINGS* 


ets NDEs RINE cs Eee * WARNING: Stressing the device beyond the “Absolute 

Storage Temperature .......... —65°C to + 150°C Maximum Ratings” may cause permanent damage. 

Supply Voltage (w.r.t. ground) ........ —0.5 to 7.0V These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 

Input Voltage (w.r.t. ground) ...—0.5 to Voc + 0.5V tended exposure beyond the “Operating Conditions” 

Output Voltage (w.r.t. ground). . —0.5 to Voc + 0.5V may affect device reliability. 

Power Dissipation............. “pvelegy <a 0.9 Watt 


D.C. CHARACTERISTICS T, = 0°C to 70°C, Voc = 5V +10% 
Symbol |__Paremevny__{_tin_1_ex_/_te_ Test Conditions 
locs Standby Supply Current Vin = Voc or GND 
AlliIR = GND 
Outputs Unloaded 
Voc = 5.5V 
Operating Supply Curent |_| 5 | mA (Note) 
Vin Input High Voltage Pies = teqube! pee ver ay Oe tg 
Vi Input Low Voltage ey a Grd eit Re ees 
fo Output Low Voltage SUR Ae lou = 2.5 mA 
Output High Voltage 3.0 lon = —2.5mA 
“cma —OA lon = —100 pA 
Input | Input Leakage Current | Current ar ee ee OV < Vin < Vcc 
Output Leakage Current —ao OV < Vout < Voc 
we IR Input Leakage Current — 300 Vin = 0 
+10 Vin = Voc 
NOTE: 
Repeated data input with 80C86-2 timings. 


CAPACITANCE Ta = 25°C; Vcc = GND = OV 


[‘symboi | Parameter | win | Max | Units | TestConaitions | 
Tom | wputcepactancs [| | 7 [pe || eat 
"Gyo | voCapectance | | 20 | pF | UnnesawedpneatanD | _ 
a MC 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C, Voc = 5V +10% 


TIMING REQUIREMENTS 


See eo ae oe ee 
Crrunt | RO/NTAPuse win ————*i| io | | ms | 
raw | AomSseupowmt | o ||. | 
Trwiax | ao/SHodaterwAT fo | [m= | 
Tiwiwi | Wirueewan id of ef 
a 
Twix | DetatodenerWRT ——-|-o | [m= | 
TTausti | interupt Request wie (cow) | 100 | | ne | Geonow 
pt Peeps re en 
INTA | (Slave Only) 


End of RD to next RD 
End of INTA to next INTA within 
an INTA Sat ttc sacl 


*TCHCL End of Command to next Command 
(Not same command type) 
End of INTA sequence to next 
INTA sequence. 


*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6 
ws, 8085-A2 = 1 ps, 80C86 = 1 ws, 80C86-2 = 625 ns) 


NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 
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TIMING RESPONSES 


see re 


TRLDV | Data Valid from RD/INTA J PANE Sioa: 
TRHDZ | Data Float after RD/INTA T ae 


TJHIH Interrupt Output Delay 
TIALCV Cascade Valid from First INTA 
(Master Only) 
IN 


[00 
BES bal: 

Se 
rat [| 150 

= 

= 


TRHEH Enable Inactive from RD fT or INTA T 
TAHDV Data Valid from Stable Address 
TCVDV Cascade Valid to Valid Data 


**Test Condition Definition Table 


TESTCONDITION | vi | RI | R2_ 
1 1.7V | 5230 | OPEN | 100 pf 
2 4.5V | 1.8k0 | 18k | 30pf 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


oa aI 
uae mene 
mad Otc he 
2 Bi SAC 
oe ae 
ee Sica 
Soe! asec Raa 


INPUT OUTPUT 


VIL = 0.4V 0.45V OUTPUT TEST POINT 
FROM 


DEVICE UNDER TEST 
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ci* 


A.C. Testing: All input signals must switch between Vi, — 0.4V 
and Viy + 0.4V. Input Rise and Fall Times must be < 15 ns. All 


timing measurements are made at 2.4V and 0.45V. 231201-16 


*Includes Stray and 
Jig Capacitance 


WAVEFORMS 


231201-17 
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WAVEFORMS (Continued) 


READ/INTA 


231201-19 
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WAVEFORMS (Continued) 


INTA SEQUENCE 


DBe®e®«e2e2xee2eee2e0e288 


TIALCV 
231201-20 


NOTES: 
1. Interrupt output must remain HIGH at least until leading edge of first INTA. 
2. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active. 


DATA SHEET REVISION REVIEW 


The following changes have been made since revision 003 of the 82C59A-2 data sheet. 

1. Preliminary was removed. 

2. A reference to PLCC packaging was removed. 

3. The first paragraph of the Poll Command section was rewritten to clarify the status of the INT pin. 


4. A paragraph was added to the Interrupt Sequence section to indicate the status of the INT pin during 
multiple interrupts. 
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8279/8279-5 ; 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 
m@ Simultaneous Keyboard Display m@ Single 16-Character Display 
Operations | = Right or Left Entry 16-Byte Display 
m@ Scanned Keyboard Mode RAM 
m@ Scanned Sensor Mode m Mode Programmable from CPU 
@ Strobed input Entry Mode m= Programmable Scan Timing 
m 8-Character Keyboard FIFO @ Interrupt Output on Key Entry 
m 2-Key Lockout or N-Key Rollover with @ Available in EXPRESS 
Contact Debounce — Standard Temperature Range 


m Dual 8- or 16-Numerical Display — Extended Temperature Range 


The Intel 8279 is a general purpose programmable keyboard and display |/O interface device designed for use 
with Intel microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. 
The keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall 
effect and ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are 
debounced and strobed in an 8-character FIFO. If more than 8 characters are entered, overrun status is set. 
Key entries set the interrupt output line to the CPU. 


The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 
8279 has 16x8 display RAM which can be organized into dual 16x4. The RAM can be loaded or interrogated 
by the CPU. Both right entry, calculator and left entry typewriter display formats are possible. Both read and 
write of the display RAM can be done with auto-increment of the display RAM address. 


KEY DATA 


cPU 
INTERFACE 


DISPLAY 
DATA 


290123-2 
290123-1 Figure 2. Pin Configuration 


Figure 1. Logic Symbol 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system. To obtain 
copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 


ember 1987 
Number: 290123-002 


” 
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82389 
MESSAGE PASSING COPROCESSOR 
A MULTIBUS II BUS INTERFACE CONTROLLER 


m Highly Integrated VLSI Device m@ High Performance Coprocessing 
— Single-Chip Interface for the Parallel Functions 
System Bus (IEEE 1296) — Offloads CPU for Communication 
— Interrupt Handling/Bus Arbitration and Bus Interfacing 
Functions — 40 Megabytes/sec Burst Transfer 
— Dual-Buffer Input and Output DMA Speed 
Capabilities — Optimized for Real-Time Response 
— Nine 32-Byte High Speed FIFOs (Max. 900 ns for 32-Byte Interrupt 
m Multiple Interface Support Packet) 
— Complete Protocol Support of the mw CMOS Technology 
POE SUS UASRAARS 188g) m 149-Pin PGA Package (15 x 15 Grid) 


— Processor Independent Interface 
(8-, 16-, or 32-Bit CPU) 

— Low-Cost 8-Bit Microcontroller 
interface 

— Dual-Port Memory Interface 


The MPC 823839 is a highly integrated VLSI device that maximizes the performance of a Multibus Il based 
multiprocessor system. It integrates the functions of bus arbitration, data transmit packetizing, error handling 
and interrupt control. Because of these integrated functions, the host CPU can be offloaded to utilize the 
maximum bus performance and subsequently increase the system throughput. The MPC 82389 also supports 
geographic addressing by providing access to the local interconnect registers for reference and control. 


The MPC 82389 is designed to interface with an 8-, 16-, or 32-bit processor. The Parallel System Bus (PSB) 
performance is not affected by the CPU buswidth or bandwidth. The data on the PSB is burst transferred at the 
maximum bus speed of 40 Megabytes/second regardless of CPU bus performance. Such performance is 
possible due to decoupling of the CPU from the PSB. 


This data sheet is supplemented by a MPC User’s Manual, \ntel literature number 176526-002. The MPC 
User’s Manual provides detailed information regarding hardware and software board design information. In 
addition, the IEEE 1296 specification can provide more information regarding the MULTIBUS II bus architec- 


ture. 
MULTIPROCESSOR ARCHITECTURE 
LOCAL 
CPU RESOURCES PROCESSOR PROCESSOR PROCESSOR 
Ses LOCAL LOCAL LOCAL 
BUS BUS 
= 
PROCESSOR 
CIRCUIT BOARD 
PARALLEL SYSTI BU 
290145-1 
November 1991 
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1.0 MPC 82389 INTRODUCTION 


The 82389 Message Passing Coprocessor (MPC) is 
a highly integrated CMOS VLSI device which inter- 
faces any microprocessor to the MULTIBUS I! Paral- 
lel System Bus (PSB). The PSB is defined for easy 
access and sharing of resources in a processing en- 
vironment which allows the existence of both intelli- 
gent and non-intelligent add-in boards. The MPC 
complements the MULTIBUS II environment by pro- 
viding an optimized interface for the PSB at its maxi- 
mum bandwidth. The MPC also offloads the host 
CPU, thus increasing system throughput, by provid- 
ing the necessary bus arbitration, message passing 
protocol, error handling and interrupt control for a 
MULTIBUS II system. Figure 1-1 shows an example 
_ Of the MPC’s message passing performance. 


1.1 Functional Overview 


The MPC 82389 is a bus interface controller which 
offloads the host CPU for interprocessor communi- 
cation on the PSB. The MPC 82389 features four 
interfaces which support a variety of data transfer 
operations. 


1.1.1 MPC 82389 INTERFACES 


The three primary interfaces to the MPC (PSB Inter- 
face, Host CPU Interface and Interconnect Inter- 
face) all function asynchronously to one another. 
This is accomplished through the use of internal 
latches and FIFOs that allow references to occur 
simultaneously on all interfaces. In addition to the 
three primary interfaces, the MPC contains a Dual- 
Port Interface which provides compatibility with past 
system implementations and software. 


CPU MEMORY 
F LOCAL BUS j 


PSB BUS 
INTERFACE 


82389 


—PSB Interface 
The PSB Interface is the synchronized, shared data 
pathway in the MULTIBUS II system. 


—Host CPU Interface 

The Host CPU Interface is a set of addressable reg- 
isters and ports that is the private pathway for the 
local microprocessor on the MULTIBUS II board. 


—Interconnect Interface 

The Interconnect Interface provides a path for add- 
ed board functionality that is independent from the 
host CPU. 


—Dual-Port Interface 
The Dual-Port Interface supports shared memory 
references. 


1.1.2 MAJOR OPERATIONS 


—Unsolicited and Solicited Message Passing 

The unsolicited and solicited message passing pro- 
tocol is an interprocessor communication protocol 
which allows an intelligent agent* on the PSB to 
communicate with another agent without any CPU 
intervention at full PSB speed. 


—PSB Memory and I/O Single Cycle Access 

The MPC performs single cycle read/write transfers 
from the host to memory and I/O locations across 
the PSB. The MPC handles bus arbitration, parity 
generation and error detection without CPU inter- 
vention. 


—Local Interconnect Access 
The host CPU and other agents on the PSB can 
access local interconnect space via the MPC. 


*An agent is any device with an interface to the 
PSB. 


CPU MEMORY 


LOCAL BUS 


PSB BUS 
INTERFACE 


PSB BUS 


20 MBYTES/SEC SINGLE CYCLE 
40 MBYTES/SEC BURST 
32 MBYTES/SEC FOR MESSAGES 
(32 BYTES IN 10 CLOCKS) 


290145-7 


Figure 1-1. Message Passing Performance Example 
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—Remote Interconnect Access 

The MPC enables the host CPU to access remote 
interconnect locations assigned to other PSB 
agents. 


—Dual-Port Memory Access Support 
Other PSB agents can access dual-port memory via 
the MPC. 


—Central Services Module (CSM) support 

The MPC has a minimal set of built-in CSM support 
features which allow the CSM to be incorporated 
into any MULTIBUS II board design. 


2.0 MESSAGE PASSING PROTOCOL 


The MULTIBUS I! architecture designates the data 
transfer protocol between agents on the PSB as 
message passing. Message passing allows agents 
to transfer variable amounts of data at maximum 
PSB speed. The MPC fully supports the PSB’s stan- 
dardized message passing protocol. The entire 
handshaking procedure between agents on the PSB 
is handled by the MPC without CPU intervention. 


There are two types of messages that can be trans- 
mitted from one agent to another: Unsolicited Mes- 
sages and Solicited Messages. 


2.1 Unsolicited Messages 


Unsolicited messages are short, fixed-length mes- 
sages that can arrive unexpectedly. Unsolicited 
messages can be transmitted without explicit buffer 
allocation and without synchronization between 
sending and receiving agents on the PSB. Unsolicit- 
ed messages are often referred to as intelligent or 
virtual interrupts, since they can be used as a signal- 
ing mechanism between boards, replacing tradition- 
al system interrupts and freeing the CPU from hav- 
ing to poll for information. In addition, unsolicited 
messages allow for up to 28 bytes of user data. 
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2.2 Solicited Messages 


Solicited messages are used to transfer large 
amounts of data. Up to 16 Mbytes (less 1 byte) of 
data can be transferred in a single solicited message 
transmission sequence. Solicited message transfers 
require the receiving agent to explicitly allocate a 
buffer. Buffer negotiation between sending and re- 
ceiving agents is handled using unsolicited mes- 
sages as follows: 


— A buffer request message initiates a solicited 
message transfer. It requests the receiving agent 
to allocate a buffer large enough to hold the so- 
licited data. 


— A buffer grant message must be returned by the 
receiving agent before the solicited data can be 
transferred. The buffer grant informs the sending 
agent’s MPC that a buffer has been allocated 
and indicates that the receiving agent’s MPC is 
ready to begin the data transfer. 


— A buffer reject message is returned by the re- 
ceiving agent if a buffer for the solicited data 
cannot be provided. In this case, the rejection is 

- final, and no further action is required. 


lf a DMA controller handles the solicited message 
transfer, DMA controller setup is also needed. Typi- 
Cally, the sending agent programs its DMA controller 
immediately before sending a buffer request, and 
the receiving agent programs its DMA controller im- 
mediately before sending a buffer grant. 


Once solicited buffer negotiation is complete (the 
sending agent’s MPC has received a buffer grant), 
the agents transfer the data without further interven- . 
tion. The data is sent as a series of solicited packets 
on the sending agent’s local bus. The MPCs perform 
transfer and routing across the PSB automatically. 
At the end of the solicited data transfer, both the 
sending and receiving agents get a completion indi- 
cation from their local MPC. 


3.0 MPC 82389 INTERFACES 


The MPC 82389 features a total of 4 interfaces. The 
three primary interfaces are the Host CPU Interface, 
PSB Interface and the Interconnect Interface. The 
MPC also has a Dual-Port Memory Interface which 
provides compatibility with past system implementa- 
tions and software. Figure 3-1 shows the four MPC 
bus interfaces. 


if = 


82389 


HOST CPU INTERFACE 


OCAL BUS MULTIPLEXING | 


BUFFERS AND CONTROL } 


INTERCONNECT § 


Brisco 
setae 
“ 


INTERFACE 


a 
is 


DUAL-PORT INTERFACE 


iPSB INTERFACE 
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Figure 3-1. MPC Bus Interfaces 


3.1 Host CPU Interface 


The Host CPU Interface connects an 8-, 16-, or 32- 
bit processor to the MPC. The Host CPU Interface 
supports direct references to memory, I/O, and in- 
terconnect address space on the PSB. The entire 
Host CPU Interface is composed of three sub-inter- 
faces: Register Sub-Interface, Reference Sub-Inter- 
face and DMA Sub-Interface. 


—Register Sub-Interface 

The Register Sub-Interface is composed of a bank 
of 8-bit registers on the Host CPU Interface. These 
registers provide the configuration, status and com- 
mand interface for the host CPU. A host register op- 
eration is independent from operations which may 
be in progress at the MPC’s other interfaces. How- 
ever, some host register operations are dependent 
on the internal state of the MPC. In host register 
operations, the maximum duration is decided by the 
strobe width. Thus, the number of wait states re- 
quired at the local interface is under the control of 
the host CPU. 


—Reference Sub-interface 

The Reference Sub-Interface supports direct refer- 
ences to memory, I/O, and interconnect address 
space on the PSB. Memory and I/O references are 
initiated by the CPU to the MPC. The MPC responds 


to a memory or I/O reference by putting the CPU on 
hold while arbitrating for the PSB. The CPU is held in 
wait states until the reference is complete or until a 
bus exception condition occurs on the PSB. The 
Reference Sub-interface supports both read and 
write operations to the registers. The local intercon- 
nect address space is differentiated from the inter- 
connect address on the PSB by the bit pattern 
stored in the MPC’s slot address register. 


—DMA Sub-Interface i 

The DMA Sub-interface supports data transfers be- 
tween the local memory and the MPC during solicit- 
ed message operations. The DMA Interface is de- 
signed to support either two-cycle or fly-by (single- 
cycle) read/write transfers. For two-cycle opera- 
tions, the DMA controller performs one cycle into 
memory and another cycle to the MPC; a read com- 
mand is used to get data from the MPC and a write 
command is used to put data into the MPC. Fly-by 
operations allow data to be transferred during a sin- 
gle bus cycle; a fly-by transfer will use a write com- 
mand to get data from the MPC (corresponding to a 
memory write) and a read command to put data into 
the MPC (corresponding to a memory read). The 
higher performance possible with fly-by transfers 
mandates the alignment of data on 4-byte bounda- 
ries. 
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3.2 Parallel System Bus Interface 


The Parallel System Bus (PSB) Interface is a full 32- 
bit interface to other boards in the MULTIBUS II 
chassis. The PSB Interface supports PSB arbitra- 
tion, data transfer and error handling. 


—Parallel System Bus Arbitration 

The MPC begins PSB access arbitration upon a re- 
quest which is generated inside the MPC. This re- 
quest could be the result of a synchronized PSB 
memory, |/O or interconnect reference request or a 
message packet transmit request from the CPU. 


—Data Transfer : 
The PSB Interface contains all the address/data 
lines and necessary control signals for data transfer. 
These control signals provide the control mecha- 
nism between agents during transfer operations. 


—Error Handling 

The MPC monitors errors generated during data 
transfer operations. The MPC recognizes data integ- 
rity problems on the PSB and bus timeout condi- 
tions. 


3.3 Interconnect Interface 


The Interconnect Interface is an independent 8-bit 
communication interface which allows the MPC to 
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be connected to a microcontroller. (It is highly rec- 
ommended that an 8051 or similar microcontroller 
be used on the Interconnect Interface.) This micro- 
controller will perform tasks such as board configu- 
ration at startup and local diagnostics. 


The interconnect space of an agent is the only re- 
quired bus space by the IEEE 1296 specification and 
has a 512-byte register range. Within this space the 
microcontroller can store the local operating and 
configuration parameters associated with the agent. 
For example, local diagnostics can be executed out 
of the microcontroller and the results posted in the 
interconnect space. 


Local resources on an agent gain access to inter- 
connect space through the MPC’s interconnect bus. 
A microcontroller connects to the interconnect bus 
for intelligent handling of interconnect operations. 
All interconnect bus signals are asynchronous to the 
bus clock and to the local bus signals. 


3.4 Basic Implementation with the 
MPC 82389 


Figure 3-2 shows a basic implementation of the 
MPC 82389. Included in this implementation is the 
Interconnect Interface, the Host CPU Interface and 
the PSB Interface. 
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3.5 Dual-Port Interface 


The Dual-Port Interface supports shared memory accesses between agents on the PSB. In order to fully 
implement dual-port memory, some additional dual-port memory controller logic is required. Figure 3-3 shows 
an example of the MPC implemented with dual-port memory. 


pnais 
(RESET, LACHn. BBCLK, TIMOUT) 
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Figure 3-3. The MPC Implemented with Dual-Port Memory 
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4.0 MPC 82389 OPERATIONS 


The primary function of the MPC 82389 is MULTI- 
BUS Il message passing. In addition to message 
passing, the MPC performs the following functions: 
— Memory and I/O Reference 

— Local Interconnect Reference 

— Remote Interconnect Reference 

— Interconnect Replier Operations 

— Dual-Port Replier Operations 

— Central Services Module Support 


4.1 MULTIBUS II Message Passing 


The MPC manages the routing of message packets 
as they flow between the interfaces of each MULTI- 
BUS II agent in the system. For message traffic on 
the PSB, message decode logic on the PSB input 
bus determines message routing through the MPC. 
For the Host CPU Interface and Interconnect Inter- 
face, the MPC defines a signal protocol for message 
passing. 


MULTIBUS II messages, both unsolicited and solicit- 
ed, are transferred through nine dedicated internal 


Transmit/Error Receive 
FIFO FIFO 
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FIFO buffers between the Host CPU Interface and 
PSB Interface. Unsolicited messages are intelligent 
(also called virtual) interrupts which notify the receiv- 
ing agent to prepare for the receipt of solicited mes- 
sages. Unsolicited messages use the Transmit/Er- 
ror FIFO and the Receive FIFO. The Transmit FIFO 
holds a 32-byte packet for transmittal across the 
PSB. If there is an error in transmission, the Transmit 
FIFO becomes the Error FIFO, where the errant 
message can be read back along with error status. 
The Receive FIFO is a circular queue of four 32-byte 
buffers from which unsolicited messages are re- 
ceived from the PSB by the host CPU. 


Solicited messages consist of information data 
packets which are transmitted between agents. So- 
licited messages use the Solicited Input FIFO and 
Solicited Output FIFO. These FIFOs are dual 32- 
byte buffers which are used for the temporary stor- 
age of solicited data packets as they travel between 
the Host CPU Interface and the PSB Interface. The 
solicited output header logic attaches header infor- 
mation to the solicited data packet before sending it 
onto the PSB. All FIFOs are able to operate inde- 
pendently and concurrently, thus creating a true mul- 
titasking message passing environment. Figure 4-1 
shows the nine dedicated internal FIFO buffers. 
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Figure 4-1. The MPC Uses Nine Dedicated Internal 32-Byte FIFO Buffers 
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4.1.1 UNSOLICITED TRANSMIT/RECEIVE 


Unsolicited message passing sequences occur be- 
tween the Host CPU Interface and the PSB Interface 
using FIFOs internal to the MPC. FIFO status is 
available on the Host CPU Interface and in state ma- 
chines internal to the MPC. On the Host CPU Inter- 
face, host register operations write bytes to the 
Transmit FIFO and read bytes from the Receive 
FIFO. On the PSB, the MPC manages the emptying 
and filling of the Transmit and Receive FIFOs using 
MULTIBUS Ii message passing protocol and the 
Transmit and Receive FIFOs on another agent’s 
MPC. For detailed information about message pass- 
ing protocol across the PSB, see the /EEE 1296 
High Performance Synchronous 32-bit Bus Stan- 
dard. 


4.1.2 SOLICITED INPUT/OUTPUT 


Solicited transfers are pre-negotiated using unsolicit- 
ed message sequences. Dedicated FIFOs (Solicited 
Input FIFO and Solicited Output FIFO) are then used 
for the transfer of solicited data packets. This allows 
large amounts of data to be moved between agents 
independently of unsolicited messages. In most cas- 
es, the solicited transfer occurs under DMA control, 
freeing the host CPU to handle other activities. The 
DMA controller uses the input channel DMA re- 
quest/acknowledge and output channel DMA re- 
quest/acknowledge signals- along with the read/ 
write signal to stream the data from/to the solicited 
FIFOs. On the PSB, the data is transferred in bursts 
using MULTIBUS II message passing protocol and 
similar solicited FIFOs on another agent’s MPC. The 
MPCs add header information to the packets on the 
PSB, indicating source, destination and length. Data 
transfers through the solicited FIFOs can be set up 
for 8, 16 or 32 bits of data width on the Host CPU 
Interface, but occur at full 32-bit width on the PSB. 


4.2 Memory and I/O References 


Remote memory or |/O reference operations are 
Host CPU Interface operations that involve an ac- 
cess through the MPC to a resource across the PSB. 
This resource can be a dumb memory or I/O board. 
The remote reference can only be done through the 
MPC as a single cycle operation (no block transfers) 
to the remote resource and can involve an unknown 
number of wait states. Many MULTIBUS II CPU 
boards use an alternate path (such as the iLBX bus 
found on Intel iSBC boards) that is an independent 
extension of the local bus for full-speed and block 
transfer operations. 


The host CPU initiates a memory or I/O reference by 
activating memory select (MEMSELYT) or I/O select 
(IOSEL), A<5-2>, BE<3-0>, with a RD or WR 
strobe. If necessary, LOCK is activated to allow 
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back-to-back accesses across the PSB, holding all 
other agents off the memory or I/O resource. The 
MPC activates its WAIT output to indicate that the 
operation is in progress. 


The data for reference operation proceeds through 
the MPC and PSB to a memory or I/O address on 
another agent. A data path from D<31-0> through 
the buffered address/data bus (BAD<31-0>) is 
used for the data transfer. Data is latched internally 
in a reference data latch. Parity is generated to the 
PSB on BPAR <3-0> for the data on each write 
operation and checked on data read. Completion of 
the operation is indicated when the MPC deactivates 
the WAIT output. 


The memory or I/O address for the reference opera- 
tion is routed around the MPC through an external 
reference address latch. This latch is controlled by 
the REFADR signal from the MPC. 


4.3 Local Interconnect Reference 


A local interconnect reference operation is an ac- 
cess by the host CPU to the interconnect records 
maintained by the local interconnect microcontroller. 
The geographic interconnect address is preloaded 
into a pair of registers internal to the MPC. The up- 
per 5 bits of the interconnect address determine 
whether the operation is local or remote. A data path 
from D<7-0O> to the interconnect address/data 
bus ([IAD<7-0>) is used. The microcontroller uses 
the interconnect request (IREQ) output to sense the 
request. The request is serviced by the interconnect 
microcontroller through a sequence of accesses to 
registers within the MPC using the interconnect ad- 
dress strobe (IAST), interconnect read (IRD), and in- 
terconnect write (IWR) strobes, and the IAD multi- 
plexed bus. The WAIT signal is used as for memory 
and |/O references to indicate completion of the lo- 
cal interconnect reference operation. 


4.4 Remote Interconnect Reference 


A remote interconnect reference is an access by the 
host CPU to interconnect space on another agent. 
The host CPU requests a remote interconnect refer- 
ence by writing the interconnect address to the 
same register used in the local interconnect request, 
except that the upper 5 bits of the interconnect ad- 
dress indicate the slot address of another agent on 
the PSB. The data flows through the MPC as in a 
remote memory or I/O reference, except that the 
data transfer occurs only on D<7-0>. The remote 
microcontroller services the request through an in- 
terconnect replier operation. 


t* indicates that the signal is active low. 
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4.5 Interconnect Replier Operations 


When another agent performs a remote intercon- 
nect reference request, it gains access to local inter- 
connect space through the MPC. The MPC decodes 
an interconnect request on the PSB for a slot ID 
match and signals the interconnect microcontroller 
independently of the local bus interface. The micro- 
controller then handles the request in the same way 
as a local interconnect request. 


4.6 Dual-Port Replier Operations 


Other agents can access dual-port memory via the 
MPC. A memory access request on the PSB is de- 
coded by the MPC for an address range match and 
serviced by the dual-port controller (external circuitry 
must be provided). The MPC provides only the hand- 
shaking path. Data transfer occurs directly on the 
BAD bus. If a bus exception occurs while a dual-port 
memory reference is in progress, the MPC will signal 
the dual-port controller to terminate the operation. 


4.7 Central Services Modular Support 


The IEEE 1296 specification defines the Central 
Services Module (CSM) that resides in Slot 0 of a 
MULTIBUS Il system. The CSM is responsible for 
these functions: 


— reset sequencing (generates reset signal on the 
PSB) 


— assignment of card slot and arbitration IDs during 
reset initialization 


— generation of system wide clocks for all agents 
(bus clocks and time of day) 


— generation of bus timeout 


— battery back-up of system constants (host ID, 
time of day, etc.) 


The MPC has a minimal set of built-in CSM support 
features that allow the incorporation of CSM into any 
MULTIBUS II board design. The MPC, interconnect 
microcontroller, and a small amount of external cir- 
Cuitry can fully implement the CSM automatically 
when the board is inserted into Card Slot 0. 


4.7.1 ADDITIONAL CSM REQUIREMENTS 


In addition to the interconnect microcontroller and 
the MPC, the following functions must be provided 
through external logic: 


— clock generation 

— PSB reset generation 

— cold/warm start detection 
— PSB timeout generation 
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The clock generator provides the bus clock (BCLkK) 
and central clock (CCLK) signals to the PSB. The 
reset generator provides the hardware reset line 
(R T) to all agents on the PSB. Cold/warm start 
detection circuitry distinguishes between a power-up 
reset and a warm-start reset; on power-up the CSM 
assigns arbitration and slot IDs. The PSB timeout 
function determines when the PSB is hung. 


See the MPC User’s Manual (Intel literature number 
176526-002) and the CSM\002 Hardware Refer- 
ence Manual (intel literature number 459706-001) 
for more information about the CSM. 


5.0 MPC 82389 PIN DESCRIPTIONS 


This section describes each signal pin (or group of 
pins) on the MPC. Emphasis is placed on giving as 
much information as possible to ease ‘the task of 
designing hardware associated with the MPC signal 
pins. The pins are described in terms of these func- 
tional groups: 

© PSB interface 

@ local bus (host CPU) interface 

e dual-port memory control 


@ interconnect bus interface 


5.1 PSB Signals 


The PSB signals provide the interface to other 5 


boards in the MULTIBUS II chassis. Very little sup- 
port circuitry is required for this part of the board. 
Only high-current drivers and reset control logic is 
needed. Some MPC signal pins have built-in open 
collector high-current drivers that allow connection 
directly to the PSB. For complete information on the 
PSB, see the /EEE 1296 High Performance Synchro- 
nous 32-bit Bus Standard document. 


PSB signals fall into five groups, depending on func- 
tion: 

e arbitration operation signal group 

address/data bus signal group 

system control signal group 

central control signal group 

® exception operation signal group 


Unless otherwise stated, all PSB signals are syn- 
chronous to the bus clock. 
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NOTE: 

High current drivers used to drive the buffered ad- 
dress/data (BAD) bus should be controlled with 
minimal logic. This is to limit propagation delays 
and avoid possible bus contention problems. En- 
sure that the placement of these drivers and the 
MPC is done as close to the PSB (the P1 connec- 
tor on a MULTIBUS I! board) as possible to mini- 
mize signal stub lengths and capacitive loading. 


5.1.1 ARBITRATION OPERATION SIGNAL 
GROUP 


These MPC pins are used by an agent to obtain ex- 
clusive access to the PSB. They are‘all high-current 
drive, open-collector signals. Below is a description 
of each signal. 


BREQ (Bus Request). BREQ is a bidirectional 
open-collector signal that connects directly to the 
PSB. As an input to the MPC, it indicates that agents 
are awaiting access to the bus. As an output, the 
MPC asserts BREQ to request PSB access. 


ARB<5-0> (Arbitration). ARB<5-0> are bidi- 
rectional, open-collector signals that connect direct- 
ly to the PSB. ARB<5-0> are used (during normal 
operation) to identify the mode and arbitration priori- 
ty of an agent during an arbitration cycle. During sys- 
tem initialization (while reset is active), the central 
services module (CSM) drives these signals to initial- 
ize slot and arbitration IDs. 


5.1.2 ADDRESS/DATA BUS SIGNAL GROUP 


This signal group includes a 32-bit multiplexed ad- 
dress/data path (BAD<31-0>) and the byte parity 
signals (BPAR<3-0>). These signals require buff- 
ering through bus transceivers before connection to 
the PSB. This signal group also includes the bus 
transceiver control signals (ADDIR and REFADR). 


BAD<31-0> (Buffered Address/ Data). 
BAD<31-0O> are the 32 bidirectional, multiplexed 
address/data signals that provide the interface to 
the PSB address/data bus (AD) when buffered 
through 74F245 or equivalent bus transceivers. 
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NOTE: 
Do not use pull-up resistors to drive the BAD bus 
high. If pull-up resistors are present, the MPC can- 
not guarantee valid logic states with proper timing. 


BPAR<3-0> (Buffered Parity). BPAR are four 
signals that provide parity for the 32-bit BAD bus. 
These bidirectional lines connect to the PSB 
PAR <3-0> signals through a 74F245 or equivalent 
transceiver. These signals are used to receive byte 
parity for incoming data and to drive byte parity for 
outgoing data. 


ADDIR (Address/Data Direction). ADDIR is an 
output that provides direction control over the bus 
transceivers’ buffering the BAD<31-0> and 
BPAR<3-0> signals. In the high state, this signal 
causes the transceivers to drive address/data infor- 
mation along with parity onto the PSB. In the low 
State, this signal causes address/data information 
and parity to be received from the PSB. 


REFADR (Reference Address Enable). REFADR 
is an output used to enable external reference .ad- 
dress buffers during reference operations. Asserting 
this signal places the reference address onto the 
BAD bus. The address path enabled by this signal is 
only used for memory and I/O reference operations 
to the PSB. It is not used during message passing or 
for PSB references to interconnect space. 


5.1.3 SYSTEM CONTROL SIGNAL GROUP 


The system control signal group on the PSB pro- 
vides a control mechanism between agents during 
transfer operations. 


BSC<9-0> (Buffered System Control). BSC 
<9-0> is a group of ten bidirectional signals that 
connect to the PSB through 74F245 or equivalent 
transceivers. Agents on the PSB use these signals 
for commands or status, depending on the phase of 
the operation. The function of each of these lines 
during request and reply phases of transfer opera- 
tions is summarized in Table 5-1. 
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Table 5-1. Summary of BSC Signal Functions 


Data Width 


NOTE: 


Request Phase Reply Phase 
Bus Owner in Request Phase Bus Owner in Reply Phase 
LOCK LOCK 


a 
| 


Even Parity on BSC <3-0> Even Parity on BSC <3-0> 


End-of-Transfer 


The end-of-transfer (EOT) handshake in single-cycle operations is indicated by BSC <4,3,2> as follows: the requesting MPC 
drives BSC <3,2> and waits for the replier to drive BSC4; when the replier responds, the EOT handshake is complete. 


SCDIR<1,0> (System Control Direction). 
SCDIR<1,0> are output signals that provide direc- 
tion control of the 74F245 transceivers driving and 
receiving BSC <9-0>. SCDIRO provides control for 
BSC <9,3-0>, while SCDIR 1 provides control for 
BSC <8-4>. When either signal is high, the bus 
transceiver drives BSC signals onto the PSB. When 
either signal is low, signals on the PSB are driven 
onto the BSC lines. 


5.1.4 CENTRAL CONTROL SIGNAL GROUP 


The central control signal group provides bus status 
and control information,for devices operating on the 
PSB. The CSM, residing in slot 0 of the MULTIBUS II 
backplane, generates BCLK, LACHn, and RESET. 


BBCLK (Buffered Bus Clock). BBCLK is received 
by the MPC to synchronize all operations on the 
PSB. This input should be connected to BCLK (on 
the PSB) using a 74AS1804 or equivalent inverting 
buffer. The falling edge of BCLK provides all system 
timing references. BBCLK normally has a fixed oper- 
ating frequency of 10 MHz. 


NOTE: 
BCLK can be varied from DC to 10 MHz. You may 
use this feature for single-stepping on the PSB dur- 
ing debugging. 


LACHn (ID Latch). LACHn is an input signal used 
during initialization of slot and arbitration IDs (where 
“‘n” is the slot number). When the RESET signal is 
active, LACHn indicates when a slot or arbitration ID 
is available and should be latched. LACHnh is an ac- 
tive high input and should be connected to the 
LACHnh signal on the PSB with a 74AS1804 or equiv- 
alent inverting buffer. 


RESET. Reset is an input that places the MPC ina 
known state. Only the parts of the MPC involved 
with initialization of slot and arbitration IDs remain 
unaffected. RESET is an active high input and 
should be connected to the RST signal on the PSB 
with a 74AS1804 or equivalent inverting buffer. 


If the MPC is used in a CSM implementation, the 
interconnect microcontroller and some external logic 
controls RESET. On power up, the CSM generates 
the RESET signal to the backplane. Within a few 
clock cycles, receiving MPCs complete their internal 
reset. Table 5-2 summarizes the states of MPC sig- 
nal outputs while the RESET signal is active. 
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Table 5-2. Signal States During Reset 


H = Electrical high state. 
L = Electrical low state. 
Z = High impedance (tri-state). 


RSTNC (Reset Not Complete). Agents assert 
RSTNC during reset to extend the initialization time 
period beyond the time that RESET allows. RSTNC 
is a bidirectional OR-tied signal on the PSB that is 
low when one or more agents have not completed 
their reset requirements. Agents cannot perform bus 
operations while RSTNC is asserted. However, 
agents may access local interconnect space if your 
firmware implementation allows such access. 
RSTNC is an open-collector signal with high-current 
drive that connects directly to the PSB. 


5.1.5 Exception Operation Signal Group 


The exception operation signal group indicates ex- 
ception errors on the PSB. 


BUSERR (Bus Error). The MPC asserts BUSERR 
when a data integrity problem on the PSB is detect- 
ed during a transfer operation. Possible problems 
are: detection of a parity error on the BAD bus or 
BSC lines, or a protocol error associated with the 
BSC lines. BUSERR is a bidirectional, open-collector 
signal with high current drive that connects directly 
to the PSB. 


TIMOUT (Timeout). TIMOUT, as an input from the 
PSB, is used to detect a bus timeout condition. The 
CSM activates this signal when it determines that an 
agent is taking too much time asserting a handshake 
signal, or if a bus owner has maintained bus owner- 
ship for an excessive length of time. The exact 
amount of time is a fixed value relative to BBCLK 
that is approximately 10,000 clock cycles (1 ms @ 
10 MHz). TIMOUT is an active high input to the MPC 
and must be connected to the TIMOUT signal of the 
PSB through a 74AS1804 or equivalent inverting 
buffer. 
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When the MPC is configured for CSM operation, 
TIMOUT becomes an output, generating the timeout 
condition to all agents on the PSB. In this case, the 
TIMOUT pin should be connected to the PSB by a 
74F242 driver or equivalent. 


5.2 Dual-Port Memory Control Signals 


The MPC provides these signals (SEL, COM, ERR) 
to support dual-port memory. In order to fully imple- 
ment dual-port memory, some additional dual-port 
memory controller logic is required. 


SEL (Select). The SEL output indicates that a dual- 
port memory access is in progress. SEL initiates 
dual-port operations and may be used to enable the - 
dual-port data buffers onto the BAD bus. When the 
MPC receives the EOT hafdshake, or if the MPC 
detects an exception, it deactivates SEL. 


COM (Complete). COM is an input to the MPC. The 
dual-port memory controller asserts COM to indicate 
completion of a dual-port access. COM is assumed 
to be synchronous to the bus clock. After the memo- 
ry controller has asserted COM, the MPC asserts 
the replier ready (BSC4) signal on the next bus 
clock. The memory controller cannot deassert COM 
until the EOT handshake is complete on the PSB. 
This requires that the memory controller monitor the 
PSB for the EOT handshake. 


ERR (Error). ERR, an input to the MPC, is asserted 
by the dual-port memory controller to signal a mem- 
ory data parity error. ERR must be stable (high or 
low) whenever COM is asserted. The MPC responds 
to this signal by completing the replier handshake on 
the PSB using a data error agent error code. This 
signal may be asynchronous to the bus clock since it 
is qualified by the COM signal. 
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5.3 Local Bus Signals 


The MPC local bus allows many types of microproc- 
essors, perhaps with differing data widths, byte 
alignment, and bit ordering, to connect to the 
MULTIBUS II PSB. This microprocessor is often re- 
ferred to as the host CPU on the MULTIBUS II proc- 
essor board. The MPC has five signal groups on the 
local bus: 


e data bus 

e address/status signals 
e transfer control 

@ interrupt signals 

e DMA control lines 


5.3.1 DATA BUS 


The local data bus is the signal path for data trans- 
fers between the host CPU and the MPC. 


D<31-0>.D<31-0> is the 32-bit local data bus. 
Although this is a 32-bit interface, the MPC allows 
operation with processors using 8-, 16-, or 32-bit 
data busses. 


NOTE: 

Intel CPU architecture defines bit 0 and byte 0 as 
least significant. When connecting non-Intel proces- 
sors to the MPC local data bus, it is important that 
this bit and byte ordering be maintained across the 
PSB. This allows agents of differing CPU types to 
work together in a single chassis. If byte-swapping 
is needed, see the discussion of the byte enable 
(BE<3-0>) signal pins. 


5.3.2 ADDRESS/STATUS SIGNALS 


The address/status signals select or identify all MPC 
operations over the local bus. 


A<5-2> (Address). The address inputs select 
MPC registers for message and interconnect space 
operations. A1 and AO are omitted to provide a con- 
sistent register address for all data_bus width op- 
tions. A <5-2> are qualified by RD or WR and 
therefore must be stable within the specified set-up 
and hold window. 


MEMSEL (Memory Select). This MPC input signal 
tells the MPC that the current operation is a memory 
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reference across the PSB. MEMSEL is qualified by 
RD or WR and therefore must be stable within the 
specified set-up and hold window. 


eer yy esas ee. ee 2 ae 
MEMSEL, IOSEL, REGSEL IDACK, and ODACK 
are mutually exclusive. In order to be valid, no more 
than one should be active during the same set-up 
and hold window. 


IOSEL (I/O Select). This input signal tells the MPC 
that the current operation is an |/O reference to the 
PSB. IOSEL is qualified by RD or WR and therefore 
must be stable within the specified set-up and hold 
window. ; 


REGSEL (Register Select). This input signal is 
used to identify MPC register operations. REGSEL is 
qualified by RD or WR and therefore must be stable 
within the specified set-up and hold window. 


LOCK. This input signal allows back-to-back opera- 
tions to be performed on the PSB or local intercon- 
nect space. When the bus owner activates LOCK, all 
other agents are held off the PSB or local resource 
until LOCK is deactivated. 


BE <3-0> (Byte Enable). These input signals, gen- 
erated by the host CPU or DMA controller, validate 
bytes on the data bus. BE<3-0> are qualified by 
RD or WR and therefore must be stable within the 
specified set-up and hold window. BE<3-0> corre- 
spond to data bytes 3 through 0 on the data bus 
(where byte 3 is D<31-24>). For remote reference 
operations, only combinations supported by the 
IEEE 1296 specification are valid. 


A 32-bit local bus requires that all byte enable and 
data signals are used. For 16-bit local buses, BE1 
and BE2 are used to indicate which of the two bytes 
will contain valid data, and only D<15-0> are used. 
For 8-bit local bus operations, BE1 and BEO are 
used to select which byte of the PSB will carry the 
valid data byte. This mode uses ony D<7-0> (on 
the local bus). Note that during all read operations, 
the MPC drives all data lines (D<31-0>). Consecu- 
tive accesses to message FIFOs must be in ascend- 
ing byte sequence 0, 1, 2, 3 in any non-overlapping 
combination. 


Table 5-3 shows the valid byte enable combinations 


for both the local data bus (D<31-0>) and the PSB 
(AD <31-0>): 
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Table 5-3. Valid Byte Enable Combinations 


L i. 
a a 
H E 
L L 
H 5 
H H 
2 H 
H L 
H H 
H H 
L H 
L. H 


de OO OE 


NOTES: 

L = Electrical low state (active) 

H = Electrical high state (inactive) 
Vn = Valid data bytes 

X = Active bytes with undefined data 


For the 32-bit host interface, legal combinations of byte enables form byte /anes: the paths where valid data 
bytes are present during a single transfer on the local data bus (as well as in the MULTIBUS II environment). 
Non-Intel Microprocessors can use byte lanes to perform byte-swapping or other data manipulations in hard- 
ware. The figure below illustrates the legal byte lanes as they relate to byte enable combinations: 
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Figure 5-4. Byte Lanes 
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Each shaded box in Figure 5-4 represents a valid 
byte lane for a given combination of BE during a 
single read or write operation. There are four types 
of byte lanes: 8-bit, 16-bit, 24-bit and 32-bit. Bit and 
byte ordering follow the Intel standard of bit or byte 0 
as least significant. Assume that invalid byte lanes 
contain any value of data (i.e. non-constant). Take 


precautions (masking in software, etc.) to ensure 
that invalid data does not cause problems. 


When using a DMA controller to handle solicited 
data transfers to/from local memory, misalignment 
of data in memory and resulting partial packets are 
handled using the BE lines. The DMA interface of 
the MPC provides support by only incrementing in- 
ternal pointers (or detecting completion) when the 
proper byte-enable signal is active. Table 5-4 shows 
which BE line the MPC recognizes for partial pack- 
ets: 


Table 5-4. Byte Enable Usage for DMA Control 


Bytes Byte Enable 
Remaining Recognized 


5.3.3 TRANSFER CONTROL SIGNALS 


Transfer operation control to the MPC over the local 
bus is provided by two command signals and a wait 
signal. This handshake provides fully interlocked 
(two-sided handshake) operation. 


RD (Read). This input signal starts a read operation. 
RD must transition cleanly, since it is used to qualify 
other signals in the read operation. 


WR (Write). This input signal starts a write opera- 
tion. WR must transition cleanly, since it is used to 
qualify other signals in the write operation. 


WAIT. WAIT is an MPC output signal used to extend 
a transfer operation. The signal will be used by the 
MPC for all accesses that require synchronization to 
another resource. It is activated when a command 
goes active and deactivated when the operation is 
completed. 


5.3.4 INTERRUPT SIGNALS 


Interrupt signals are used to inform the host CPU 
that the MPC requires service. The MPC generates 
two signals: one for message operations and one for 
reference errors. 
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MINT (Message Interrupt). The MINT output signal 
is used for all message-related signaling to the host 
CPU. This includes the arrival of an unsolicited mes- 
sage, the availability of the transmit FIFO, the com- 
pletion of a solicited transfer, and an error-on mes- 
sage transfer. | 


EINT (Error Interrupt). The EINT output signal is 
used to signal all errors related to memory, I/O, or 
interconnect space operations. Internal registers in 
the MPC provide exact details of the error via inter- 
connect space. 


5.3.5 DMA CONTROL SIGNALS 


The MPC provides four DMA control signals that 
connect with an external DMA controller. 


ODREQ (Output Channel DMA Request). ODREQ 
is an output signal that enables DMA transfers to the 
MPC (i.e., output to the PSB). This signal behaves as 
a normal DMA request line during solicited message 
output operations. ODREQ is activated during the 
transfer phase of a solicited message operation 
when the solicited output FIFO is empty. The DMA 
controller responds to ODREQ by moving data from 
local memory to the FIFO for transfer to a receiving 
agent on the PSB. 


IDREQ (input Channel DMA Request). IDREQ is 
an output signal that enables DMA transfers from 
the MPC (i.e. input from the PSB). This signal be- 
haves as a normal DMA request line during solicited 
message input operations. IDREQ is activated dur- 
ing the transfer phase of a solicited message opera- 
tion when the solicited input FIFO is full. The DMA 
controller responds to ODREQ by moving data from 
the FIFO to local memory. When the FIFO is emp- 
tied, IDREQ is deactivated. 


ODACK (Output Channel DMA Acknowledge). 
ODACK is generated by the DMA controller in re- 
sponse to an output channel DMA request. ODACK 
is qualified by RD or WR and therefore must be sta- 
ble within the specified set-up and hold window. 


ois tee _ NOTE: __ Ses: 
MEMSEL, IOSEL, REGSEL IDACK, and ODACK 
are mutually exclusive. In order to be valid, no more 
than on should be active during the same set-up 
and hold window. 


IDACK (input Channel DMA Acknowledge). 
IDACK is generated by the DMA controller in re- 
sponse to an input channel DMA request. IDACK is 
qualified by RD or WR and therefore must be stable 
within the specified set-up and hold window. 
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5.4 Interconnect Bus Signals 


Brief descriptions of the interconnect bus signal pins 
are given here. For more information on using the 
interconnect microcontroller, see the MPC User’s 
Manual, Chapter 5, “Interconnect Programming” 
(Order number 176526-002). 


IAD<7-0> (Interconnect Address/ Data). 
|IAD<7-0> is an 8-bit, bidirectional, multiplexed ad- 
dress and data bus intended to interface directly to a 
microcontroller. In addition to the MPC, other inter- 
connect accessible local resources can be connect- 
ed to this bus. 


IREQ (interconnect Request). The MPC asserts 
this output signal when an interconnect operation 
has been requested from either the local bus or the 
PSB. The MPC asserts IREQ to the interconnect mi- 
crocontroller at different times for read and write op- 
erations. For a read operation, IREQ is asserted im- 
mediately after detecting an address match between 
the requested address and an internal register. For a 
write operation, IREQ is delayed until valid data is 
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available (i.e., BSC3 is asserted). In either case, if 
the local bus interface has locked the local intercon- 
nect space, IREQ is inhibited. 


IAST (Interconnect Address Strobe). IAST is a 
signal from the microcontroller that tells the MPC 
that a valid address is on the interconnect bus. [AST 
may be directly connected to the ALE (Address 
Latch Enable or equivalent) output of most micro- 
controllers. |AST must provide clean transitions. 


IRD (Interconnect Bus Read). The microcontroller 
asserts IRD to perform a read operation to one of 
the MPC interconnect interface registers. IRD must 
provide clean transitions. 


_. -INOTE: 
When IRD and IWR are activated at the same time, 
a/l/ MPC outputs are disabled. Use this feature to 
disable the MPC in board test applications. 


IWR (Interconnect Write). The microcontroller as- 
serts IWR to perform a write operation to one of the 
MPC interconnect interface registers. IWR must pro- 
vide clean transitions. 


Zz 
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6.0 Package Dimensions 


The MPC 82389 is packaged in a 149-pin Ceramic Pin Grid Array (PGA). The pins are arranged 0.100 inch 
(2.54 mm) center-to-center, in a 15 x 15 matrix. Please refer to Figure 6-3 for case outlines. 


A wide variety of sockets are available including the zero-insertion force socket for prototyping. 
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Figure 6-1. MPC 82389 Pinout—View from Top Side 
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Figure 6-2. MPC 82389 Pinout—View from Pin Side 
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Table 6-1. MPC Signal Summary 
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7.0 MPC 82389 ELECTRICAL DATA 


This section provides detailed A.C. and D.C. specifi- 
cations for the MPC 82389. 


7.1 Maximum Ratings 


Operating Temperature 


(Under Giada) 0. J... 00 Seeus =—10°C to +85°C 
Storage Temperature .......... — 65°C to + 150°C 
Voltage on Any Pin.......... —0.5V to Voc + 0.5V 
POW ENSOc a fares alia dae cin bh eens 2.5W 


intel. 
NOTE: 
Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only 
and functional operation at these or any other con- 


ditions above those listed in the operational sec- 
tions of this specification is not implied. 


Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
Although the MPC 82389 contains protective cir- | 
cuitry to resist damage from static electrical dis- 
charges, always take precautions against high stat- 


ic voltages or electric fields. 


7.2 D.C. Specifications Vcc = 5.0V +5%, Ta = 0°C to + 70°C 
Table 7-1. D.C. Specifications 


Parameter 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 


Output Low Voltage 
Open Collector 


Output High Voltage 


Power Supply Current 
Input Leakage Current 


Open Collector Output 
Low Current 

ADDIR and REFADR 
Output Low Current 
Output High Current 
Input Capacitance 

1/O Capacitance 


Clock Input Capacitance 
Open Collector Capacitance 


NOTE: 
1. Sampled only, not 100% tested. 
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Test Conditions 


Units 
ae 


pA OV < Vin < Vcc 


mA | Vo, = 0.45V 


mA | Vo, = 0.55V 
mA | Vo, = 0.45V 


pF fo = 1 MHz, 25°C (Note 1) 
fc = 1 MHz, 25°C (Note 1) 


fo = 1 MHz, 25°C (Note 1) 
fo = 1 MHz, 25°C (Note 1) 


= 
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7.3 A.C. Specifications 
TEST 


The A.C. specifications for the MPC 82389 are spec- 20 POINTS 
ified in Tables 7-2, 7-3 and 7-4 and Figures 7-2, 7-3, 0.8V 
7-4 and 7-5. Figure 7-1 specifies the test points for 
measuring the A.C. parameters. Table 7-2 and Fig- 
ures 7-2 and 7-3 specify the A.C. parameters for the 
host CPU bus. Table 7-3 and Figure 7-4 specify the 
A.C. parameters for the interconnect bus. Table 7-4 
and Figure 7-5 specify the A.C. parameters for the 0.8V 
PSB. Figure 7-6 defines the test load for the A.C. 
specifications. 


OUTPUT WAVEFORM 


. TEST 
2.0") poINTS 2.0V 
1.4V (BBCLK) 
0.8V 


INPUT WAVEFORM 
290145-12 


Figure 7-1. A.C. Test Waveforms 


Table 7-2. Host CPU Bus A.C. Specifications (Vcc = 5V +5%, Ta = O°C to + 70°C) 


Address and BE Setup to Command Active 


| | Seen anceee eee 18 
2 somes 
Hold from Command Active 
| tg | TimebetweenCommands | 
EAC meee seo Mae 

(Note 5) 

| ts | Read Data Hold from Command Inactive 

| ts _|_ Read Data Enable from Command Active 

| t7 __| WAIT Active fromCommand Active 0 
| tg | Command inactive from WAIT Inactive 
| tg | _WalTinactivetoReadDataValid 
De 
ee | 
= 
aa 
Ee 
ie 4: | 


oO 


1 
2 
Command Active to Write Data Valid 20 
Command Active to LOCK Active (Note 1) 0 
LOCK Hold from WAIT Inactive (Note 2) 
Command Active Time 42 
Read Data Valid from Command Active 


1 


Write Data Hold from WAIT Inactive 


42 


tie Write Data Setup to Command Inactive 
—Registers 
—DMA 
Write Data Hold from Command Inactive 3 
18 42 


t Command Active to MINT or DREQ Inactive 
(Notes 3, 4) 
Command Active to DREQ Inactive 
(Note 4) 
NOTES: | 


1. Required to guarantee locking of resource. 

2. Required to guarantee resource remains locked. 

3. MINT deassertion only if no other sources are pending. 

4. For DREQ inactive timing, tyg applies to a normal last transfer deassert condition and t;g to an error deassert condition. 
5. Disable condition occurs when the output current becomes less than the input leakage specification. 
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A5~A2 
BE3-BEO 
MEMSEL 
lOSEL 
REGSEL 


D31=D0 
(OUT OF MPC) 


D31-DO 
(INTO MPC) 


LOCK 
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AS~A2 


BE3-BEO 
REGSEL, 
IDACK , ODACK 


RD,WR 


D31=D0 
(OUT OF .MPC) 


D31=D0 
(INTO MPC) 


MINT 
IDREQ, 


ORDEQ 290145-14 


Figure 7-3. Host CPU Interface Register and DMA Operation Timing 
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Table 7-3. Interconnect Bus A.C. Specifications (Vcc = 5V +5%, Ta = 0°C to + 70°C) 


Test 
ee ee a Conditions 


| IASTActveTime Active Time 


ees te eo 
| tsa | CommandinactivetoiasT active | 25 | | ons | 
| tesa | tASTinactivetoCommand Active | 120 | | ons | 
| tse | Address SetuptoiasTinactive | 40 | | ns | 

| Address HoldfromiAsTinactive | 20 | | ms | 


Write Data Setup to Command 120 
Inactive 
Write Data Hold from Command 
Inactive 

( Read Data Enable from Command 

| Active 

Read Data Valid from Command C, = 150 pF 
Active 


Read Data Hold from Command 
Inactive 
Read Data Disable from Command 
Inactive (Note 2) 
EINT, IREQ Inactive from Command 100 CL = 150 pF 
Active (Note 1) 
NOTES: | 


1. EINT inactive only on write to error register. IREQ inactive only on write to arbitration register. 
2. Disable condition occurs when the output current becomes less than the input leakage specification. 


IRD , IWR 


IAD7=1AD0 
(INTO MPC) 


\AD7=IADO 
(OUT OF MPC) 
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Figure 7-4. Interconnect Bus Timing 
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Clock to Output Delay 
BREQ, BUSERR, RSTNC (Note 2) C: = 500 pF 
ARB5-ARBO (Notes 2, 3) C. = 500 pF 
BAD31-BADO, BSC7-BSCO CL = 75 pF 


BPAR3-—BPARO, BSC9, BSC8 C. = 50 pF 
SCDIRO, SCDIR1 (H to L) CL = 25 pF 

(L to H) CL = 25 pF 
ADDIR (L to H) C. = 50 pF 

(H to L) C. = 50 pF 
REFADR CL. = 75 pF 
SEL C. = 50 pF 


Hold Time from Clock 
BREQ, BUSERR, RSTNC 
ARB5-ARBO0 (Note 3) 
BAD31-—-BADO, BPAR3—BPARO 
BSC9-BSCO 
SCDIRO, SCDIR1 
ADDIR 
REFADR 
SEL 


Turn On Delay from Clock (Note 4) 
BREQ, BUSERR, RSTNC 
ARB5-ARBO (Note 1) 
BAD31-—BADO, BPAR3—BPARO 
BSC9-BSCO 


Turn Off Delay from Clock (Note 5) 
BREQ, BUSERR, RSTNC 
ARB5-ARBO (Note 3) 
BAD31-—BADO, BPAR3—BPARO 
BSC9-BSCO 


*tcL and tcy are MULTIBUS II specifications. 
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Table 7-4. PSB Interface A.C. Specifications (Vcc = 5V +5%, Ta = 0°C to + 70°C) (Continued) 


Input Setup Time to Clock 
BREQ, BUSERR, RSTNC 
ARB5-—ARBO (Note 3) 
BAD31-BADO, BPAR3-—BPARO 
BSC9-BSCO 
TIMEOUT, LACHn, RESET 


COM, ERR 


Input Hold Time from Clock 
BREQ, BUSERR, RSTNC 
ARB5-ARBO (Note 3) 
BAD31-BADO, BPAR3—BPARO 
BSC9-BSCO 
TIMEOUT, LACHn, RESET 
COM, ERR 


NOTES: 

1. The clock timings are provided to reference the MPC specification to the PSB specifications. These specifications assume 
a 74AS1804 or equivalent buffer. 

2. The 500 pF load is a distributed load as defined in the PSB specification. The open drain signals are designed such that 
the output delay and bus loss meets the PSB specification requirement. 

3. The ARB5—ARBO signal timings are with respect to the first and last clock of the arbitration period. Details can be found 
in the PSB specification. Also, the arbitration logic has been designed to meet the loop delay specification accounting for the 
full path of input to output plus bus loss. 

4. Minimum turn on times are measured the same way as hold times. Specifically, the logic level driven by another device on 
the previous clock cycle must not be disturbed. 

5. Maximum turn off times are measured to the condition where the output leakage current becomes less than the input 
leakage specification. 

6. All stated capacitances are based on design requirements. Production test limitations may require some parameters to be 
tested under a different condition. 
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NOTE: 
1. SAMPOINT point for BBCLK is 1.4V. 


Figure 7-5. PSB Interface Timing 
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FAX: (414) 789-2746 


CANADA 


BRITISH COLUMBIA 


Intel Semiconductor of 
Canada, Ltd. 

999 Canada Place 
Suite 404, #11 
Vancouver V6C 3E2 
Tel: (800) 628-8686 
FAX: (604) 844-2813 


ONTARIO 


tintel Semiconductor of 
Canada, Ltd. 

2650 Queensview Drive 
Suite 250 

Ottawa K2B 8H6 

Tel: (800) 628-8686 
FAX: (613) 820-5936 


tintel Semiconductor of 
Canada, Ltd. 

190 Attwell Drive 

Suite 500 

Rexdale M9W 6H8 

Tel: (800) 628-8686 
FAX: (416) 675-2438 


QUEBEC 


tintel Semiconductor of 
Canada, Ltd. 

1 Rue Holiday 

Suite 320 

Tour East 

Pt. Claire H9R 5N3 

Tel: (800) 628-8686 
FAX: 514-694-0064 
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ALABAMA 


Arrow/Schweber Electronics 
1015 Henderson Road 
Huntsville 35806 

\ Tel: (205) 837-6955 
FAX: (205) 721-1581 


Hamilton Hallmark 

4890 University Square, #1 
Huntsville 35816 

Tel: (205) 837-8700 

FAX: (205) 830-2565 


MTI Systems 

4950 Corporate Dr., #120 
Huntsville 35805 

Tel: (205) 830-9526 

FAX: (205) 830-9557 


Pioneer Technologies Group 
4835 University Square, #5 
Huntsville 35805 

Tel: (205) 837-9300 

FAX: (205) 837-9358 


Wyle Laboratories 

7800 Governers Drive 
Tower Building, 2nd Floor 
Huntsville 35806 

Tel: (205) 830-1119 

FAX: (205) 830-1520 


ARIZONA 


Anthem Electronics 

1555 W. 10th Place, #101 
Tempe 85281 

Tel: (602) 966-6600 

FAX: (602) 966-4826 


Arrow/Schweber Electronics 
2415 W. Erie Drive 

Tempe 85282 

Tel: (602) 431-0030 

FAX: (602) 252-9109 


Avnet Computer 

1626 S. Edwards Drive 
Tempe 85281 

Tel: (602) 902-4600 
FAX: (602) 902-4640 


Hamilton Hallmark 
4637 S. 36th Place 
Phoenix 85040 

Tel: (602) 437-1200 
FAX: (602) 437-2348 


Wyle Laboratories 
4141 E. Raymond 
Phoenix 85040 

Tel: (602) 437-2088 
FAX: (602) 437-2124 


CALIFORNIA 


Anthem Electronics 
9131 Oakdale Ave. 
Chatsworth 91311 
Tel: (818) 775-1333 
FAX: (818) 775-1302 


Anthem Electronics 
1 Oldfield Drive 
Irvine 92718-2809 
Tel: (714) 768-4444 
FAX: (714) 768-6456 


Anthem Electronics 
580 Menlo Drive, #8 
Rocklin 95677 

Tel: (916) 624-9744 
FAX: (916) 624-9750 


Anthem Electronics 
9369 Carroll Park Drive 
San Diego 92121 

Tel: (619) 453-9005 
FAX: (619) 546-7893 


Anthem Electronics 
1160 Ridder Park Drive 
San Jose 95131 

Tel: (408) 452-2219 
FAX: (408) 441-4504 


Arrow Commercial Systems Group 
1502 Crocker Avenue 

Hayward 94544 

Tel: (510) 489-5371 

FAX: (510) 489-9393 


Arrow Commercial Systems Group 
14242 Chambers Road 

Tustin 92680 

Tel: (714) 544-0200 

FAX: (714) 731-8438 
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NORTH AMERICAN DISTRIBUTORS 


Arrow/Schweber Electronics 
26707 W. Agoura Road 
Calabasas 91302 

Tel: (818) 880-9686 

FAX: (818) 772-8930 


Arrow/Schweber Electronics 
48834 Kato Road, Suite 103 
Fremont 94538 

Tel: (510) 490-9477 


Arrow/Schweber Electronics 
6 Cromwell #100 

Irvine 92718 

Tel: (714) 838-5422 

FAX: (714) 454-4206 


Arrow/Schweber Electronics 
9511 Ridgehaven Court 
San Diego 92123 

Tel: (619) 565-4800 

FAX: (619) 279-8062 


Arrow/Schweber Electronics 
1180 Murphy Avenue 

San Jose 95131 

Tel: (408) 441-9700 

FAX: (408) 453-4810 


Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
FAX: (714) 641-4170 


Avnet Computer 

1361B West 190th Street 
Gardena 90248 

Tel: (800) 426-7999 
FAX: (310) 327-5389 


Avnet Computer 

755 Sunrise Boulevard, #150 
Roseville 95661 

Tel: (916) 781-2521 

FAX: (916) 781-3819 


Avnet Computer 

1175 Bordeaux Drive, #A 
Sunnyvale 94089 

Tel: (408) 743-3454 

FAX: (408) 743-3348 


Avnet Computer 
21150 Califa Street 
Woodland Hills 91376 
Tel: (818) 594-8301 
FAX: (818) 594-8333 


Hamilton Hallmark 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4100 
FAX: (714) 641-4122 


Hamilton Hallmark 

1175 Bordeaux Drive, #A 
Sunnyvale 94089 

Tel: (408) 435-3500 

FAX: (408) 745-6679 


Hamilton Hallmark 
4545 Viewridge Avenue 
San Diego 92123 

Tel: (619) 571-7540 
FAX: (619) 277-6136 


Hamilton Hallmark 
21150 Califa St. 
Woodland Hills 91367 
Tel: (818) 594-0404 
FAX: (818) 594-8234 


Hamilton Hallmark 
580 Menlo Drive, #2 
Rocklin 95762 

Tel: (916) 624-9781 
FAX: (916) 961-0922 


Pioneer Standard 

5850 Canoga Bivd., #400 
Woodland Hills 91367 
Tel: (818) 883-4640 


Pioneer Standard 

217 Technology Dr., #110 
Irvine 92718 

Tel: (714) 753-5090 


Pioneer Technologies Group 
134 Rio Robles 

San Jose 95134 

Tel: (408) 954-9100 

FAX: (408) 954-9113 


Wyle Laboratories 
15370 Barranca Pkwy. 
Irvine 92713 

Tel: (714) 753-9953 
FAX: (714) 753-9877 


Wyle Laboratories 

15360 Barranca Pkwy., #200 
Irvine 92713 

Tel: (714) 753-9953 

FAX: (714) 753-9877 


Wyle Laboratories 

2951 Sunrise Blvd., #175 
Rancho Cordova 95742 
Tel: (916) 638-5282: 
FAX: (916) 638-1491 


Wyle Laboratories 

9525 Chesapeake Drive 
San Diego 92123 

Tel: (619) 565-9171 
FAX: (619) 365-0512 


Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
FAX: (408) 727-5896 


Wyle Laboratories 
17872 Cowan Avenue 
Irvine 92714 

Tel: (714) 863-9953 
FAX: (714) 263-0473 


Wyle Laboratories 

26010 Mureau Road, #150 
Calabasas 91302 

Tel: (818) 880-9000 

FAX: (818) 880-5510 


Zeus Arrow Electronics 
6276 San Ignacio Ave., #E 
San Jose 95119 

Tel: (408) 629-4789 

FAX: (408) 629-4792 


Zeus Arrow Electronics 
22700 Savi Ranch Pkwy. 
Yorba Linda 92687-4613 
Tel: (714) 921-9000 
FAX: (714) 921-2715 


COLORADO 


Anthem Electronics 

373 Inverness Drive South 
Englewood 80112 

Tel: (303) 790-4500 

FAX: (303) 790-4532 


Arrow/Schweber Electronics 
61 Inverness Dr. East, #105 
Englewood 80112 

Tel: (303) 799-0258 

FAX: (303) 373-5760 


Hamilton Hallmark 

12503 E. Euclid Drive, #20 
Englewood 80111 

Tel: (303) 790-1662 

FAX: (303) 790-4991 


Hamilton Halimark 

710 Wooten Road, #102 
Colorado Springs 80915 
Tel: (719) 637-0055 
FAX: (719) 637-0088 


Wyle Laboratories 
451 E. 124th Avenue 
Thornton 80241 

Tel: (303) 457-9953 
FAX: (303) 457-4831 


CONNECTICUT 


Anthem Electronics 

61 Mattatuck Heights Road 
Waterburg 06705 

Tel: (203) 575-1575 

FAX: (203) 596-3232 


Arrow/Schweber Electronics 
12 Beaumont Road 
Wallingford 06492 

Tel: (203) 265-7741 

FAX: (203) 265-7988 


Avnet Computer 

55 Federal Road, #103 
Danbury 06810 

Tel: (203) 797-2880 
FAX: (203) 791-9050 


Hamilton Hallmark 

125 Commerce Court, Unit 6 
Cheshire 06410 

Tel: (203) 271-2844 

FAX: (203) 272-1704 


Pioneer Standard 

2 Trap Falls Road 
Shelton 06484 

Tel: (203) 929-5600 


FLORIDA 


Anthem Electronics 

598 South Northlake Blvd., #1024 
Altamonte Springs 32701 

Tel: (813) 797- 

FAX: (813) 796-4880 


Arrow/Schweber Electronics 
400 Fairway Drive, #102 
Deerfield Beach 33441 

Tel: (305) 429-8200 

FAX: (305) 428-3991 


Arrow/Schweber Electronics 
37 Skyline Drive, #3101 
Lake Mary 32746 

Tel: (407) 333-9300 

FAX: (407) 333-9320 


Avnet Computer 

3343 W. Commercial Boulevard 
Bidg. C/D, Suite 107 

Ft. Lauderdale 33309 

Tel: (305) 730-9110 

FAX: (305) 730-0368 


Avnet Computer 

3247 Tech Drive North 
St. Petersburg 33716 
Tel: (813) 573-5524 
FAX: (813) 572-4324 


Hamilton Hallmark 

3350 N.W. 53rd St., 4105-107 
Ft. Lauderdale 33309 

Tel: (305) 484-5482 

FAX: (305) 484-2995 


Hamilton Halimark 
10491 72nd St. North 
Largo 34647 

Tel: (813) 541-7440 
FAX: (813) 544-4394 


Hamilton Hallmark 

7079 University Boulevard 
Winter Park 32792 

Tel: (407) 657-3300 

FAX: (407) 678-4414 


Pioneer Technologies Group 
337 Northlake Bivd., #1000 
Alta Monte Springs 32701 
Tel: (407) 834-9090 

FAX: (407) 834-0865 


Pioneer Loa Group 
674 S. Military Trail 

Deerfield Beach 33442 

Tel: (305) 428-8877 

FAX: (305) 481-2950 


Pioneer Technologies Group 
8031-2 Phillips ay 
Jacksonville 3225 

Tel: (904) 730-0065 


Wyle Laboratories 
1000 112 Circle North 
St. Petersburg 33716 
Tel: (813) 530-3400 
FAX: (813) 579-1518 


GEORGIA 


Arrow Commercial Systems Group 
3400 C. Corporate Way 

Duluth 30136 

Tel: (404) 623-8825 

FAX: (404) 623-8802 


Arrow/Schweber Electronics 
4250 E. Rivergreen Pkwy., #E 
Duluth 30136 , 


_ Tel: (404) 497-1300 


FAX: (404) 476-1493 


Avnet Computer 

3425 Corporate Way, #G 
Duluth 30136 

Tel: (404) 623-5452 

FAX: (404) 476-0125 


Hamilton Hallmark 

3425 Corporate Way, #G & #A 
Duluth 30136 

Tel: (404) 623-5475 

FAX: (404) 623-5490 


Pioneer Technologies Group 
4250 C. Rivergreen Parkway 
Duluth 30136 
Tel: (404) 623-1003 

FAX: (404) 623-0665 


Wyle Laboratories 

6025 The Corners Pkwy., #111 
Norcross 30092 

Tel: (404) 441-9045 

FAX: (404) 441-9086 


ILLINOIS 


Anthem Electronics 

1300 Remington Road, Suite A 
Schaumberg 60173 

Tel: (708) 884-0200 

FAX: (708) 885-0480 


Arrow/Schweber Electronics 
1140 W. Thorndale Rd. 
Itasca 60143 


‘Tel: (708) 250-0500 


Avnet Computer 

1124 Thorndale Avenue 
Bensenville 60106 

Tel: (708) 860-8572 
FAX: (708) 773-7976 


Hamilton Hallmark 
1130 Thorndale Avenue 
Bensenville 60106 

Tel: (708) 860-7780 
FAX: (708) 860-8530 


MTI Systems 

1140 W. Thorndale Avenue 
Itasca 60143 

Tel: (708) 250-8222 

FAX: (708) 250-8275 


Pioneer Standard 

2171 Executive Dr., #200 
Addison 60101 

Tel: (708) 495-9680 

FAX: (708) 495-9831 


Wyle Laboratories 

2055 Army Trail Road, #140 
Addison 60101 

Tel: (800) 853-9953 

FAX: (708) tee 


INDIANA 


Arrow/Schweber Electronics 

7108 Lakeview Parkway West Dr. 
Indianapolis 46268 
Tel: (317) 299-2071 ‘ 
FAX: (317) 299-2379 


Avnet Computer 
485 Gradle Drive 
Carmel 46032 

Tel: (317) 575-8029 
FAX: (317) 844-4964 


Hamilton Hallmark 
4275 W. 96th 
Indianapolis 46268 
Tel: (317) 872-8875 
FAX: (317) 876-7165 


Pioneer Standard 

9350 Priority Way West Dr. 
Indianapolis 46250 

Tel: (317) 573-0880 

FAX: (317) 573-0979 
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KANSAS 


Arrow/Schweber Electronics 
9801 Legler Road 

Lenexa 66219 

Tel: (913) 541-9542 

FAX: (913) 541-0328 


Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 

Tel: (913) 541-7989 
FAX: (913) 541-7904 


Hamilton Hallmark 
10809 Lakeview Avenue 
Lenexa 66215 

Tel: (913) 888-4747 
FAX: (913) 888-0523 


KENTUCKY 


Hamilton Hallmark 
1847 Mercer Road, #G 
Lexington 40511 

Tel: (800) 235-6039 
FAX: (606) 288-4936 


MARYLAND 


Anthem Electronics 

7168A Columbia Gateway Drive 
Columbia 21046 

Tel: (410) 995-6640 

FAX: (410) 290-9862 


Arrow Commercial Systems Group 
200 any Parkwa 

Gaithersburg 20877 

Tel: (301) 670-1600 

FAX: (301) 670-0188 


Arrow/Schweber Electronics 
9800J Patuxent Woods Dr. 
Columbia 21046 

Tel: (301) 596-7800 

FAX: (301) 995-6201 


Avnet Computer 

7172 Columbia Gateway Dr., #G 
Columbia 21045 

Tel: (301) 995-3571 

FAX: (301) 995-3515 


Hamilton Hallmark 

10240 Old Columbia Road 
Columbia 21046 

Tel: (410) 988-9800 

FAX: (410) 381-2036 


North Atlantic Industries 
Systems Division 

7125 River Wood Dr. 
Columbia 21046 

Tel: (301) 312-5800 
FAX: (301) 312-5850 


Pioneer Technologies Group 
15810 Gaither Road 
Gaithersburg 20877 
Tel: (301) 921-0660 
_ FAX: (301) 670-6746 


Wyle Laboratories 

7180 Columbia Gateway Dr. 
Columbia 21046 

Tel: (410) 312-4844 

FAX: (410) 312-4953 


MASSACHUSETTS 


Anthem Electronics 
36 Jonspin Road 
Wilmington 01887 
Tel: (508) 657-5170 
FAX: (508) 657-6008 


Arrow/Schweber Electronics 
25 Upton Dr. 

Wilmington 01887 

Tel: (508) 658-0900 

FAX: (508) 694-1754 


_ Avnet Computer 

10 D Centennial Drive 
Peabody 01960 

Tel: (508) 532-9886 
FAX: (508) 532-9660 
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Hamilton Hallmark 

10 D Centennial Drive 
Peabody 01960 

Tel: (508) 531-7430 
FAX: (508) 532-9802 


Pioneer Standard 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 861-9200 
FAX: (617) 863-1547 


Wyle Laboratories 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: (617) 272-6809 


MICHIGAN 


Arrow/Schweber Electronics 
19880 Haggerty Road 
Livonia 48152 

Tel: (800) 231-7902 

FAX: (313) 462-2686 


Avnet Computer ; 
2876 28th Street, S.W., #5 
Grandville 49418 

Tel: (616) 531-9607 

FAX: (616) 531-0059 


Avnet Computer 

41650 Garden Brook Rd. #120 
Novi 48375 

Tel: (313) 347-1820 

FAX: (313) 347-4067 


Hamilton Hallmark 

44191 Plymouth Oaks Bivd., #1300 
Plymouth 48170 

Tel: (313) 416-5800 

FAX: (313) 416-5811 


Hamilton Hallmark 

41650 Garden Brook Rd., #100 
Novi 49418 

Tel: (313) 347-4271 

FAX: (313) 347-4021 


Pioneer Standard 
4505 Broadmoor S.E. 
Grand Rapids 49512 
Tel: (616) 698-1800 
FAX: (616) 698-1831 


Pioneer Standard 
13485 Stamford 
Livonia 48150 

Tel: (313) 525-1800 
FAX: (313) 427-3720 


MINNESOTA 


Anthem Electronics 

7646 Golden Triangle Drive 
Eden Prairie 55344 

Tel: (612) 944-5454 

FAX: (612) 944-3045 


Arrow/Schweber Electronics 
10100 Viking Drive, #100 
Eden Prairie 55344 

Tel: (612) 941-5280 

FAX: (612) 942-7803 


Avnet Computer 

10000 West 76th Street 
Eden Prairie 55344 

Tel: (612) 829-0025 
FAX: (612) 944-2781 


Hamilton Halimark 

9401 James Ave South, #140 
Bloomington 55431 

Tel: (612) 881-2600 

FAX: (612) 881-9461 


Pioneer Standard 

7625 Golden Triange Dr., #G 
Eden Prairie 55344 

Tel: (612) 944-3355 

FAX: (612) 944-3794 


Wyle Laboratories 
1325 E. 79th Street, #1 
Bloomington 55425 
Tel: (612) 853-2280 
FAX: (612) 853-2298 
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MISSOURI 


Arrow/Schweber Electronics 
2380 Schuetz Road 

St. Louis 63141 

Tel: (314) 567-6888 

FAX: (314) 567-1164 ' 


Avnet Computer 

741 Goddard Avenue 
Chesterfield 63005 
Tel: (314) 537-2725 
FAX: (314) 537-4248 


Hamilton Hallmark 
3783 Rider Trail South 
Earth City 63045 

Tel: (314) 291-5350 
FAX: (314) 291-0362 


NEW HAMPSHIRE 


Avnet Computer 

2 Executive Park Drive 
Bedford 03102 

Tel: (800) 442-8638 
FAX: (603) 624-2402 


NEW JERSEY 


Anthem Electronics 

26 Chapin Road, Unit K 
Pine Brook 07058 

Tel: (201) 227-7960 
FAX: (201) 227-9246 


Arrow/Schweber Electronics 
4 East Stow Rd., Unit 11 
Marlton 08053 

Tel: (609) 596-8000 

FAX: (609) 596-9632 


Arrow/Schweber Electronics 
43 Route 46 East 

Pine Brook 07058 

Tel: (201) 227-7880 

FAX: (201) 538-4962 


Avnet Computer 

1-B Keystone Ave., Bidg. 36 
Cherry Hill 08003 

Tel: (609) 424-8961 

FAX: (609) 751-2502 


Hamilton Hallmark 

1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 

Tel: (609) 424-0110 

FAX: (609) 751-2552 


Hamilton Hallmark 

10 Lanidex Plaza West 
Parsippani 07054 

Tel: (201) 515-5300 
FAX: (201) 515-1601 


MTI Systems 

43 Route 46 East 
Pinebrook 07058 
Tel: (201) 882-8780 
FAX: (201) 539-6430 


Pioneer Standard 
14-A Madison Rd. 
Fairfield 07006 

Tel: (201) 575-3510 
FAX: (201) 575-3454 


Wyle Laboratories 

20 Chapin Road, Bidg. 10-13 
Pinebrook 07058 

Tel: (201) 882-8358 

FAX: (201) 882-9109 


NEW MEXICO 


Alliance Electronics, Inc. 
10510 Research Ave. 
Albuquerque 87123 

Tel: (505) 292-3360 
FAX: (505) 275-6392 


Avnet Computer 
7801 Academy Rd. 
Bidg. 1, Suite 204 
Albuquerque 87109 
Tel: (505) 828-9725 
FAX: (505) 828-0360 


NEW YORK 


Anthem Electronics 
47 Mall Drive 
Commack 11725 
Tel: (516) 864-6600 
FAX: (516) 493-2244 


Arrow/Schweber Electronics 
3375 Brighton Henrietta 
Townline Rd. 

Rochester 14623 

Tel: (716) 427-0300 

FAX: (716) 427-0735 


Arrow/Schweber Electronics 
20 Oser Avenue 
Hauppauge 11788 

Tel: (516) 231-1000 

FAX: (516) 231-1072 


Avnet Computer 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 434-7443 
FAX: (516) 434-7426 


Avnet Computer 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 272-9110 
FAX: (716) 272-9685 


Hamilton Hallmark 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 434-7470 
FAX: (516) 434-7491 


Hamilton Halimark 
1057 E. Henrietta Road 
Rochester 14623 

Tel: (716) 475-9130 
FAX: (716) 475-9119 


Hamilton Hallmark 


3075 Veterans Memorial Hwy. 


Ronkonkoma 11779 
Tel: (616) 737-0600 
FAX: (516) 737-0838 


MTI Systems 

1 Penn Plaza 

250 W. 34th Street 
New York 10119 
Tel: (212) 643-1280 
FAX: (212) 643-1288 


Pioneer Standard 

68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: (607) 722-9562 


Pioneer Standard 
60 Crossway Park West 


Woodbury, Long Island 11797 


Tel: (516) 921-8700 
FAX: (516) 921-2143 


Pioneer Standard 
840 Fairport Park 
Fairport 14450 

Tel: (716) 381-7070 
FAX: (716) 381-5955 


Zeus Arrow Electronics 
100 Midland Avenue 
Port Chester 10573 
Tel: (914) 937-7400 
FAX: (914) 937-2553 


NORTH CAROLINA 


Arrow/Schweber Electronics 
5240 Greensdairy Road 
Raleigh 27604 

Tel: (919) 876-3132 

FAX: (919) 878-9517 


Avnet Computer 

2725 Millbrook Rd., #123 
Raleigh 27604 

Tel: (919) 790-1735 

FAX: (919) 872-4972 


Hamilton Hallmark 

5234 Greens Dairy Road 
Raleigh 27604 

Tel: (919) 878-0819 
FAX: (919) 878-8729 


NORTH AMERICAN DISTRIBUTORS (Contd.) 


Pioneer Technologies Group 
2200 Gateway Ctr. Blvd, #215 
Morrisville 27560 

Tel: (919) 460-1530 

FAX: (919) 460-1540 


OHIO 


Arrow Commercial Systems Group 
284 Cramer Creek Court 

Dublin 43017 

Tel: (614) 889-9347 

FAX: (614) 889-9680 


Arrow/Schweber Electronics 
6573 Cochran Road, #E 
Solon 44139 

Tel: (216) 248-3990 

FAX: (216) 248-1106 


Arrow/Schweber Electronics 
8200 Washington Village Dr. 
Centerville 45458 

Tel: (513) 435-5563 

FAX: (513) 435-2049 


Avnet Computer 

7764 Washington Village Dr. 
Dayton 45459 

Tel: (613) 439-6756 

FAX: (513) 439-6719 


Avnet Computer 

30325 Bainbridge Rd., Bldg. A 
Solon 44139 

Tel: (216) 349-2505 

FAX: (216) 349-1894 


Hamilton Hallmark 

7760 Washington Village Dr. 
Dayton 45459 

Tel: (513) 439-6735 

FAX: (513) 439-6711 


Hamilton Hallmark 
5821 Harper Road 
Solon 44139 

Tel: (216) 498-1100 
FAX: (216) 248-4803 


Hamilton Hallmark 

777 Dearborn Park Lane, #L 
Worthington 43085 

Tel: (614) 888-3313 

FAX: (614) 888-0767 


MTI Systems 

23404 Commerce Park Rd. 
Beachwood 44122 

Tel: (216) 464-6688 

FAX: (216) 464-3564 


Pioneer Standard 

4433 Interpoint Boulevard 
Dayton 45424 

Tel: (513) 236-9900 

FAX: (513) 236-8133 


Pioneer Standard 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
FAX: (216) 663-1004 


OKLAHOMA 


Arrow/Schweber Electronics 
12101 E. 51st Street, #106 
Tulsa 74146 

Tel: (918) 252-7537 

FAX: (918) 254-0917 


Hamilton Hallmark 

5411S. 125th E. Ave., #305 
Tulsa 74146 

Tel: (918) 254-6110 

FAX: (918) 254-6207 


Pioneer Standard 

9717 E. 42nd St., #105 
Tulsa 74146 

Tel: (918) 665-7840 
FAX: (918) 665-1891 
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OREGON 


Almac Arrow Electronics 
1885 N.W. 169th Place 
Beaverton 97006 

Tel: (503) 629-8090 
FAX: (503) 645-0611 


Anthem Electronics 
9090 S.W. Gemini Drive 
Beaverton 97005 

Tel: (503) 643-1114 
FAX: (503) 626-7928 


Avnet Computer 


9750 Southwest Nimbus Ave. 


Beaverton 97005 
Tel: (503) 627-0900 
FAX: (502) 526-6242 


Hamilton Hallmark 
9750 S.W. Nimbus Ave. 
Beaverton 97005 

Tel: (503) 526-6200 
FAX: (503) 641-5939 


Wyle Laboratories 
9640 Sunshine Court 
Bidg. G, Suite 200 
Beaverton 97005 
Tel: (503) 643-7900 
FAX: (503) 646-5466 


PENNSYLVANIA 


Anthem Electronics 

355 Business Center Dr. 
Horsham 19044 

Tel: (215) 443-5150 
FAX: (215) 675-9875 


Avnet Computer 

213 Executive Drive, #320 
Mars 16046 

Tel: (412) 772-1888 

FAX: (412) 772-1890 


Pioneer Technologies Group 
259 Kappa Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 

FAX: (412) 963-8255 


Pioneer Technologies Group 
500 Enterprise Road 

Keith Valley Business Center 
Horsham 19044 

Tel: (713) 530-4700 


Wyle Laboratories 

1 Eves Drive, #111 
Marlton 08053-3185 
Tel: (609) 985-7953 
FAX: (609) 985-8757 


TEXAS 


Anthem Electronics 

651 N. Plano Road, #401 
Richardson 75081 

Tel: (214) 238-7100 

FAX: (214) 238-0237 


Arrow/Schweber Electronics 
11500 Metric Bivd., #160 
Austin 78758 

Tel: (512) 835-4180 

FAX: (512) 832-5921 


NORTH AMERICAN DISTRIBUTORS (Contd.) 


Avnet 2 Sym 


Arrow/Schweber Electronics 
3220 Commander Dr. 
Carrollton 75006 

Tel: (214) 380-6464 

FAX: (214) 248-7208 


Arrow/Schweber Electronics 
10899 Kinghurst Dr., #100 
Houston 77099 

Tel: (713) 530-4700 


Avnet Computer 

4004 Beltline, Suite 200 
Dallas 75244 

Tel: (214) 308-8181 
FAX: (214) 308-8129 


Avnet Computer 

1235 North Loop West, #525 
Houston 77008 

Tel: (713) 867-8572 

FAX: (713) 861-6851 


Hamilton Hallmark 
12211 Technology Bivd. 
Austin 78727 

Tel: (512) 258-8848 
FAX: (512) 258-3777 


Hamilton Hallmark 
11420 Page Mill Road 
Dallas 75243 

Tel: (214) 553-4300 
FAX: (214) 553-4395 


Hamilton Hallmark 
8000 Westglen 
Houston 77063 

Tel: (713) 781-6100 
FAX: (713) 953-8420 


Pioneer Standard 
1826-D Kramer Lane 
Austin 78758 

Tel: (512) 835-4000 
FAX: (512) 835-9829 


Pioneer Standard 
13765 Beta Road 
Dallas 75244 

Tel: (214) 263-3168 
FAX: (214) 490-6419 


Pioneer Standard 

10530 Rockley Road, #100 
Houston 77099 

Tel: (713) 495-4700 

FAX: (713) 495-5642 


Wyle Laboratories 

1810 Greenville Avenue 
Richardson 75081 

Tel: (214) 235-9953 
FAX: (214) 644-5064 


Wyle Laboratories 

4030 West Braker Lane, #330 
Austin 78758 

Tel: (512) 345-8853 

FAX: (512) 345-9330 


Wyle Laboratories 

11001 South Wilcrest, #100 
Houston 77099 

Tel: (713) 879-9953 

FAX: (713) 879-6540 


UTAH 


Anthem Electronics 
1279 West 2200 South 
Salt Lake City 84119 
Tel: (801) 973-8555 
FAX: (801) 973-8909 


Arrow/Schweber Electronics 
1946 W. Parkway Bivd. 

Salt Lake City 84119 

Tel: (801) 973-6913 

FAX: (801) 972-0200 


Avnet Computer 

1100 E. 6600 South, #150 
Salt Lake City 84121 

Tel: (801) 266-1115 

FAX: (801) 266-0362 


Hamilton Hallmark 

1100 East 6600 South, #120 
Salt Lake City 84121 

Tel: (801) 266-2022 

FAX: (801) 263-0104 


Wyle Laboratories 

1325 West 2200 South, #E 
West Valley 84119 

Tel: (801) 974-9953 

FAX: (801) 972-2524 


WASHINGTON 


Almac Arrow Electronics 
14360 S.E. Eastgate Way 
Bellevue 98007 

Tel: (206) 643-9992 

FAX: (206) 643-9709 


Anthem Electronics 

19017 - 120th Ave., N.E. #102 
Bothell 98011 

Tei: (206) 483-1700 

FAX: (206) 486-0571 


Avnet Computer 
17761 N.E. 78th Place 
Redmond 98052 

Tel: (206) 867-0160 
FAX: (206) 867-0161 


Hamilton Hallmark 
8630 154th Avenue 
Redmond 98052 
ti. (206) 881-6697 
AX: (206) 867-0159 


oe Laboratories 
15385 N.E. 90th Street 
Redmond 98052 

Tel: (206) 881-1150 
FAX: (206) 881-1567 


WISCONSIN 


Arrow/Schweber Electronics 
200 N. Patrick, #100 
Brookfield 53045 

Tel: (414) 792-0150 

FAX: (414) 792-0156 


Avnet Computer 

20875 Crossroads Circle, #400 
Waukesha 53186 

Tel: (414) 784-8205 

FAX: (414) 784-6006 


Hamilton Hallmark 
2440 S. 179th Street 
New Berlin 53146 
Tel: (414) 797-7844 
FAX: (414) 797-9259 


Pioneer Standard 

120 Bishop Way #163 
Brookfield 53005 

Tel: (414) 784-3480 
FAX: (414) 780-3613 


Wyle Laboratories 

W226 N555 Eastmound Drive 
Waukesha 53186 

Tel: (414) 521-9333 

FAX: (414) 521-9498 


ALASKA 


Avnet Computer 

1400 West Benson Bivd., #400 
Anchorage 99503 

Tel: (907) 274-9899 

FAX: (907) 277-2639 


CANADA 


ALBERTA 


Avnet Computer 
riot 21st Street Northeast 


gay, T2E 6Z2 
Tor (403) 291-3284 
FAX: (403) 250-1591 


Zentronics 

pact 8th oe #100 
Tel: Fai1aba) 295-8838 

FAX: (403) 295-8714 


BRITISH COLUMBIA 


Almac Arrow Electronics 
8544 Baxter Place 
Burnaby V5A 4T8 

Tel: (604) 421-2333 
FAX: (604) 421-5030 


Hamilton Hallmark 
8610 Commerce Court 
Burnaby V5A 4N6 

Tel: (604) 420-4101 
FAX: (604) 420-5376 


11400 Brelgeport Rd., #108 
ridge bg 
Richmond eK ir 2 

Tel: (604) 273-5575 

FAX: (604) 273-2413 


ONTARIO 


Arrow/Schweber Electronics 
1093 Meyerside, Unit 2 
Mississauga L5T 1M4 

Tel: (416) 670-7769 

FAX: (416) 670-7781 


Arrow/Schweber Electronics 
36 Antares Dr., Unit 100 
Nepean K2E 7W5 

Tel: (613) 226-6903 

FAX: (613) 723-2018 


Tel: (416) 795-3835 
FAX: (416) 677-5091 


Avnet Computer 

Nepean K2E 745 
epean 

Tel: (613) 727-2000 

FAX: (613) 226-1184 


Hamilton Halimark 
151 Superior Bivd., Unit 1-6 


Mississauga L5T 2L1 
Tel: (416) 364-6060 
FAX: (416) 564-6033 b. 


Hamilton Halimark 
190 Colonade Road 
Nepean K2E 7J5 
Tel: (613) 226-1700 
FAX: (613) 226-1184 


Zentronics 

5600 Keaton Crescent, #1 

Missi a L5R 3S5 

Tel: (416) 507-2600 

FAX: (416) 507-2831 ' 


Zentronics 

i Colonnade Rd., South 

Nepean K2E 7K1 \ 
Tel: (613) 226-8840 

FAX: (613) 226-6352 


QUEBEC 

Arrow/Schweber Electronics 
1100 St. is Ft 

Dorval H9P 


Tel: (514) 421-7411 
FAX: (514) 421-7430 © 


Arrow/Schweber Electronics 
500 Boul. St.-Jean-Baptiste Ave. 
Quebec H2E 5R9 

Tel: (418) 871-7500 

FAX: (418) 871-6816 


Avnet Computer 
2795 Reu Hal 

St: Laurent H4S 1P8 
Tel: (514) 335-2483 
FAX: (514) 335-2481 


Hamilton Hallmark 
7575 Transcanada Highway 


#600 

St. Laurent H4T 2V6 
Tel: (514) 335-1000 
FAX: (514) 335-2481 


Zentronics 

520 McCaffrey 

St. Laurent H4T 1N3 
Tel: (514) 737-9700 
FAX: (514) 737-5212 
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Peripheral Components 


Intel’s peripheral components surround the microprocessor 

and help unleash its power. Intel, the company that invented and 
commercialized the first industry-standard microprocessors, also — 
provides peripheral support components that allow designers to build 
high performance personal computers. 


Ce eS Od Re ee RS ee ey OO Ga, eC ee 


Peripheral components range from chip sets for PCI Local Bus, 
Extended Industry Standard Architecture (EISA) to controllers for 
Cache, Direct Memory Access (DMA), Floppy Disk, and Keyboard. 


This handbook contains data sheets which include comprehensive . y 
charts covering symbols and functions, block diagrams and ) 
operational and functional descriptions. Application notes provide | 

diagrams for interface considerations, specific designs and hardware | | 
information. In addition, technical briefs on all Intel peripheral 
components are included.. 
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